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(57) A method of making a material alloy for an iron- 
based rare earth magnet includes the step of forming a 
melt of an alloy with a composition of 
ic* t\ IB. C ) R TLM n . T is Co and/or Ni; 

(FeH_ m I m )i0O-x-y-z- n^ D 1-p^p'x r V 'z' w, n 

R is at least one element selected from Y (yttnum) and 
the rare earth elements; and M is at least one element 
selected from Al, Si, V, Cr, Mn, Ni, Cu, Zn, Ga, Zr, Nb, 
Mo Ag Hf, Ta, W, Pt, Au and Pb, wherein the following 
inequalities are satisfied: 10 < x ^ 25 at%, y < 10 
at%, 0.5^ 12 at%, 0^ m^ 0.5, 0=S n=i 10 at% and 
0^ p^ 0.25. Next, the melt is fed onto a shoot with a 
guide surface tilted at about 1 degree to about 80 de- 
grees with respect to a horizontal plane : thereby moving 
the melt onto a melt/roller contact region. The melt is 
then rapidly cooled using a chill roller to make a rapidly 
solidified alloy including an R 2 Fe 14 B phase. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

Em J!! 6 "! 'T^T 9enera " y r6 ' ateS t0 3 meth0d f0r producin 9 a permanent magnet that is applicable for 
ZV* ™T t ? °\ V f ,0US ^ and more Particularly the present invention relates to an iron-based rare 

earth magnet mclud.ng mult.ple ferromagnetic phases and a method for producing such a novel magnet. 

Description of the Related Art: 

"r 11 ^ I 138 beC ° me T° re and m ° re necessaf V t0 Luther improve the performance of, and further reduce 
equipment. For these purposes, a permanent magnet for use in each of these appliances is required to maximize its 
Bo™ "tTZI W h he H. 0Perated 35 3 magneticci ™*- examp,,, a permanent mag'net with a renTence 

1« ? 'Z 9 d6mand Hard ferrite magnetS have been used wide V becaus e magnets of this type 

mlT a y . m T enS ' Ve - H ° WeVer ' hard f6rrite magnetS ° annot achieve the h, '9 h remanence B r of 0.5 T or more 
nJn! I . r?° u VPe ma9net ' produced b y a P° wder metallurgical process, is currently known as a typical perma- 
nent magnet that ach.eves the high remanence B r of 0.5 T or more. However, the Sm-Co type magnet Is expense 
because Sm and Co are both expensive materials. expensive, 

t f T T ".tn*'!^* ma9net ° n thS ° ther hand ' the magnet is main, V imposed of relatively inexpensive 
Fe (typ cally at about 60 * to 70 wt% of the total weight), and is much less expensive than the Sm-Co type magnet 
Examples of other high-remanence magnets include an Nd-Fe-B type sintered magnet produced by a powder metal- 
lurgical process and an Nd-Fe-B type rapidly solidified magnet produced by a melt quenching process An Nd-Fe-B 
type s.ntered magnet .s disclosed in Japanese Laid-Open Publication No. 59-46008, for example, and an Nd-Fe-B 
type rapidly sol.d.f.ed magnet is disclosed in Japanese Laid-Open Publication No. 60-9852, for instance Nevertheless 

f e T" S,Ve *h Pr ° dUCe Nd " F6 ' B ^ magn6t ThiS iS Pamy because hu 3 e ^"ipment and a great number^ 
of manufactunng and processing steps are requiredto separate and purify, orto obtain by reduction reaction Nd which 
usually accounts for10 at%to 15at% of the magnet. Also, a powdermetal.urgica, process nomnally requires a rSS 
large number of manufacturing and processing steps by its nature. 

SHU? ^TT d t0 a " Nd Fe B * PQ SintSred magnet formed by a powder metallurgical process, an Nd-Fe-B type 
rapKlly so idihed magnet can be produced at a lower cost by a melt quenching process. This is because an Nd-Fe I 

hea, Snn S ho ma9ne K t , Can be Pr0duced throu 9 h relative| Z ^mple process steps of melting, melt quenching and 
£ t 12 k 9 ' H ° WeVer ' 10 0b,am a Planer* magnet in bulk by a melt quenching process, a bonded magnet should 
be formed by compounding a magnet powder, made from a rapidly solidified alloy, with a resin binder. Accordingly the 

SShTo^ n0 T!! y aC< T tS f ° r 8t m ° St ab ° Ut 80 V °' Ume % 0f the molded bonded magnet. Also, aTapidly 
solidified alloy formed by a melt quenching process, is magnetically isotropic 

[0006] For these reasons, an Nd-Fe-B type rapidly solidified magnet produced by a melt quenching process has a 
mSSroTess than °" ma9netiCa " y aniS ° tr ° PiC Nd " Fe - B "™ produce^S a powder 

[0007] As disclosed in Japanese Laid-Open Publication No. 1 -7502, a technique of adding, in combination at least 

f 0 r O mthTr. t 11 n eleCted , fr0m Z° UP C ° nSiSting ° f Zr ' Nb ' M °' Hf ' Ta and W and at least one element elected 

Fe^B WDS^aoMI^Cnl'^T 9 rl ' "2? t0 impr ° VeS the ma 9" etiC P"*«*» <*' ™ Nd- 

Lefi | ? p,d,y H SO,,d,,,ed ma 9 net When these cements are added to the material alloy, the magnet has increased 
coerc.vrty H and ant.corrosiveness. However, the only known effective method of improving the remanence B is 

eaTal'lov Te ST * ° f ^ M& °' ^ a " ^ d "^ e "^ type rapidly solidified magnet includes a ^e 

earth alloy at 6 at% or more, a melt spinning process, in which a melt of its material alloy is ejected against a chill roller 

so If?, 6 " US6d the pri ° r art to rapidly C001 and solidifv the material alloy at an increased rate 

[0008] As for an Nd-Fe-B type rapidly solidified magnet, an alternative magnet material was proposed by R. Coehoom 
e al., in J. de Phys, C8, 1998, pp. 669-670. The Coehoom material has a composition including a rare earth element 
at a redely low mole fraction (i.e., around Nd 3 8 Fe 77 . 2 B 19 , where the subscripts are indicated ^atomic percentages) 
and an Fe 3 B phase as its main phase. This permanent magnet material is obtained by heating and crystallizing an 
55 S TT al ^ thatbaS bee " Prcpared by a ™« "aching process. Also, the crystallized materia, has^a me astab" 
55 s^uc U re in wh,ch soft magnetic Fe 3 B and hard magnetic Nd 2 Fe 14 B phases coexist and in which crystal grains of very 

12 tl IT^LTlTr I T nan ° meterS > are distributed finel V a " d ^iform.y as a composite of these two 

rlof Z P \ t reaS0 "' 8 magnSt made fr ° m SUCh 3 material is called a 'nanocomposite magnet". It was 

reported that such a nanocomposite magnet has a remanence B r as high as 1 T or more. But the coercivity H<5j thereof 
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is relative* low, i.e., in the range. rem 160 kA/m to 240 l^m. Accordingly, this permanent magnet materia, is applicable 
only when the operating point of the magnet is 1 or more. nanocomposite magnet 

erties. 

SUMMARY OF THE INVENTION 

SoSl in one preferred embodiment of the present invention, the cooling step may include the step of adjusting a 

. ^^7™;^ preW,,, h«s «s P-essure can.rolfcd Parwa.n adou, 0, 3 KPa and aPou, , 00 
po a i 5 l in s,»l ..Che, pre.anad ambodiman,, .h. rapidly solidinad alloy prndacad in tha ddoling step may Inoluda «,. 

mmVZ a'Shar pr.farred ambadim.n,, ,na ma.had may msluda ,ha a,ap a. farming a 

™:/a^ 

Luu^uj in mm , approximately 30 seconds or more. 

KHr«Sa^ h ^~»r. „an-b,s.d bodda pnaaa may inalada Fa 3 B and/a r P.rf, 
[0022] in yei anoiner pre. element M always includes Nb. In this particular preferred embod- 

mir». materia, alloy that has substantia,* the same composition as the matena. 
alloy including Nb but that includes substantially no Nb. 
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[0024] More specifically, the material alloy preferably includes Nb in an amount between about 0.1 at% and about 3 

[0025] In yet another preferred embodiment, an atomic ratio p of C in the general formula preferably satisfies the 
inequality of 0.01 § p < 0.25. 

[0026] In yet another preferred embodiment, before the melt is fed onto the guide, the melt preferably has its kinematic 
viscosity controlled at approximately 5X1 0-6 m2/sec or less. 

[0 ?f? Wh6re 0 01 S P < °- 25 ' 3 com P° und P" a se, which precipitates first while the melt is being rapidly cooled and 
solidified, preferably has its solidification temperature decreased by about 5 °C or more compared to a melt of another 
material alloy with an atomic ratio p of about 0. 

[0028] In that case, the compound phase that precipitates first while the melt is being rapidly cooled and solidified 
in the cooling step may be a titanium boride compound. 
[0029] In yet another preferred embodiment, the cooling step may be performed by rotating the chill roller, which 
10 e nXc y ormo a re enterline r ° U9hneSS Ra ° f ab0Ut 20|imor less on fts surface ' at a surf ace velocity of approximately 
« [0030] In yet another preferred embodiment, a melt flow quenching rate, at which each flow of the melt is rapidly 
cooled and solidified by the chill roller in the cooling step, may be controlled at about 0.7 kg/min or more but less than 
about 4 kg/min. 

[0031] In yet another preferred embodiment, each flow of the melt may have its width controlled in the cooling step 
by the guide al about 5 mm or more but less than about 20 mm. 
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[0032] In yet another preferred embodiment, the melt may have its kinematic viscosity controlled at approximately 
5X1 0* b nrH/sec or less " ' J 



[0033] In yet another preferred embodiment, the guide may have its surface temperature kept at approximately 300 
C or more so that the melt has a kinematic viscosity of no greater than about 5x1 0* 6 nvVsec 

[0034] In yet another preferred embodiment, the rapidly solidified alloy may have a thickness of between about 50 
25 \x m and about 200 jx m. 

[0035] In yet another preferred embodiment, the guide may be made of a material that includes AUO a at about 80 
volume percent or more. 23 

[0036] In yet another preferred embodiment, the chill roller may include a base made of a material with a thermal 
conductivity of approximately 50 W/m/K or more. 
30 [0037] In that case, the base of the chill roller is preferably made of carbon steel, tungsten, iron, copper, molybdenum 
beryllium or a copper alloy, or other suitable material. 

[0038] Optionally, the base of the chill roller may have its surface plated with chromium, nickel or a mixture thereof 
or other suitable material. 

[0039] Another preferred embodiment of the present invention provides a method for producing an iron-based per- 
manent magnet that includes the steps of preparing the material alloy for the iron-based rare earth magnet by the 
inventive method of making a material alloy according to the preferred embodiments of the present invention described 
above, and subjecting the material alloy for the iron-based rare earth magnet to a heat treatment 
[0040] In another preferred embodiment of the present invention, an inventive method forproducing a bonded maqnet 
includes the steps of preparing a powder of the material alloy for the iron-based rare earth magnet by the inventive 
method of making a material alloy or a powder of the iron-based permanent magnet by the inventive method for pro- 
ducing an iron-based permanent magnet according to the preferred embodiments described above and processina 
the powder into the bonded magnet. "*m»i"h 
[0041] A rapidly solidified alloy according to various preferred embodiments of the present invention preferably has 
J 0 ", T eSe " ted by the 9eneral tormula (Fe lHn T m ) 100 .^Q A -n z M n . in this formula, T is at least one 
etement selected from the group consisting of Co and Ni; Q is at least one element selected from the group consisting 
of B and C; R is a rare earth element; and M is at least one element selected from the group consisting of Al SI V Cr 
Mn, Ni Cu, Zn, Ga, Zr, Nb, Mo, Hf, Ta, W, Pt, Pb, Au and Ag. The mole fractions x, y, z, m and n preferably satisfy the 
inequalities of: 10 at% < xS 20 at%; 6 at%=S y < 10 at%; 0.5 at%s zS 6 aWo . Qm mS q 5. and 0 at%g nS 5 ^ 
respectively. The alloy preferably has a thickness of between about 50 h m and about 200 u. m. In this alloy a crystal 
structure has been formed on each of two surfaces thereof that cross a thickness direction at right angles 
[0042] In one preferred embodiment of the present invention, the crystal structure may include a ferromagnetic boride 
phase with an average crystal grain size of between about 1 nm and about 50 nm, and an R 2 Fe 1d B phase with an 
average crystal grain size of between about 20 nm and about 200 nm. 

[0043] In another preferred embodiment of the present invention, an amorphous portion is interposed between the 
=5 crystal structures on the two surfaces. 

[0044] In this particular preferred embodiment, the alloy preferably has a thickness of about 80 u m or more 
[0045] Another rapidly solidified alloy according to a preferred embodiment of the present invention has a composition 
represented by the general formula (Fe 1 . m T n) ) 100 . x . y . z . n Q x R y Ti 2 M n . In this formula, T is at least one element selected 
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from the group consisting of Co and Ni; Q is at least one element selected from the group consisting of B and C R is 
a rare earth element; and M is at least one element selected from the group consisting of Al Si. V Cr, Mn, Cu, Zn Ga 
Zr Nb Mo Hf Ta, W, Pt, Pb, Au and Ag. The mole fractions x, y, z, m and n preferably sat.sfy the inequalit.es of. 10 
at% < 20 ai%- 6 at%H y < 10 at%; 0.5 at%=i z=§ 6 at%; 0 S mg 0.5; and 0 at%S nS 5 at%, respectively. The alloy 
s preferably has a thickness of between about 60 n m and about 150 u m and a recoil permeability of between about 

r0046] d Tmagnet powder according to a preferred embodiment of the present invention has a composition repre- 
sented by the general formula (Fe^TJ^.,, n Q x R y T. z M n . In this formula, T is at least one 
the group consisting of Co and Ni; Q is at least one element selected from the group consist ng | of B and C R is a rare 
io earth element; and M is at least one element selected from the group consisting of Al Si, V Cr, Mn, Cu Zn Ga Zr, 
Nb Mo Hf Ta W, Pt, Pb, Au and Ag. The mole fractions x, y, z, m and n preferably satisfy the inequal t.es of . 1 0 at /o 
< x'< 20 at%- 6 at%S y < 1 0 at%; 0.5 at%=i zS 6 at%; OS mS 0.5; and 0 at%S nS 5 at%, respect.vely. The powder 
preferably has a mean particle size of between about 60 u m and about 110 u m. A ratio of a major-axis s.ze of the 
powder to a minor-axis size thereof is between about 0.3 and about 1 . The powder preferably has a coerciv.ty H u of 

is aooroximatelv 600 kA/m or more. 

[0047] Other features, elements, processes, steps, characteristics and advantages of the present ,nvent.on will be- 
come more apparent from the following detailed description of preferred embodiments of the present mvent.on with 
reference to the attached drawings. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 
[0048] 

FIG. 1 illustrates the arrangement of an exemplary strip caster preferably used in various preferred embodiments 

25 of the present invention. _.„„»*u„ 

FIG. 2 illustrates the structure of a nanocomposite magnet produced by methods of preferred embodiments of the 

present invention. . . . 

FIG. 3 illustrates the arrangement of another exemplary strip caster preferably used in var.ous preferred embod- 

iments of the present invention. 
30 FIG. 4 is a perspective view illustrating a shoot (or exemplary guiding means) for use to gu.de a molten alloy in 

the strip caster of preferred embodiments of the present invention. 

FIG. 5 illustrates how the centerline roughness Ra at the surface of a chill roller for use in a strip casting process 
affects a molten alloy being rapidly cooled and solidified. 

FIG. 6 illustrates how the centerline roughness Ra at the surface of a chill roller for use in a melt spmmng process 
35 affects a molten alloy being rapidly cooled and solidified. 

FIG. 7 A is a cross-sectional view illustrating the structure of a rapidly solidified R-T-B type alloy that has been 
formed by a strip casting process with Tl added thereto. 

FIG. 7B is a cross-sectional view illustrating the structure of a known rapidly solidified R-T-B type alloy that has 
been formed by a strip casting process with no Ti added thereto. 
40 FIG, 8 is a graph illustrating the results of DTA carried out on samples Nos. 2 and 6. 

FIG 9 is a qraph illustrating the results of DTA carried out on samples Nos. 8 and 14. 

FIG. 10 is a graph illustrating the powder XRD patterns of the samples Nos. 8 and 14 yet to be heat-treated (..e., 
in an as -cast state) 

FIG 11 is a graph illustrating the XRD patterns of Nd 9 Fe 73 B 126 C 14 T. 4 (i.e., an example of the present invention 
45 where p = 0.1) and Nd 9 Fe 73 B 7 C 7 Ti 4 (i.e., a comparative example where p = 0.5) before the heat treatment. 

FIG 1 2 is a graph illustrating the demagnetization curves of Nd 9 Fe 73 B 12 6 C, 4 Ti 4 and Nd 9 Fe 73 B 7 C 7 T. 4 representing 
the example of a preferred embodiment of the present invention and comparative example, respectively. 
FIG 13 is a graph illustrating the powder XRD patterns of "as-cast" rapidly solidified alloy and "as-annealed (or 
heat-treated)" alloy for an example of a preferred embodiment of the present invention. 
so FIG 1 4 is a graph illustrating the demagnetization curves of "as-cast" rapidly solidified alloy and as-annealed (or 

heat-treated)" alloy as measured with a vibrating sample magnetometerfor an example of a preferred embod.ment 

of the present invention. . . 

FIG. 1 5 is a graph illustrating the mass increase percentages of the inventive nanocomposite magnet powder and 
conventional rapidly solidified magnet powders when these powders are heated. 
55 FIG. 1 6 is a graph illustrating the densities of compacts for a bonded magnet, which were formed using nanocom- 

posite magnet powders with mutually different particle size distributions. 

FIG. 1 7 is an exploded perspective view schematically illustrating a construction of a stepping motor 1 00 .nclud.ng 
a permanent magnet rotor as a preferred embodiment of the present invention. 
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FIGS. 1 8A through 1 8D are cross-sectional views illustrating a bonded-mag net- integrated rotor 200 and a manu- 
facturing process thereof in accordance with the preferred embodiment of the present invention. 
FIG. 19 is a schematic representation illustrating the configuration of a magnet-embedded rotor 300 as another 
preferred embodiment of the present invention. 
5 FIGS- 20A and 20B are perspective views schematically illustrating a structure of a rotary encoder 411 as still 

another preferred embodiment of the present invention. 

FIGS. 21 A and 21 B are cross-sectional views schematically illustrating a structure of an electrophotograph process 
cartridge 501 , including a magnetic roller 507, as yet another preferred embodiment of the present invention. 

10 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0049] In an inventive method for producing a permanent magnet, a melt of an iron-based alloy, including Fe, B, R 
(which is at least one of the rare earth elements including Y) and Tl, is rapidly cooled by a strip casting process within 
a low-pressure atmosphere, thereby making a rapidly solidified alloy including a microcrystalline R 2 Fe 14 B phase. The 
rapidly solidified alloy may then be heat-treated to crystallize amorphous portions remaining in the rapidly solidified alloy. 
[0050] A strip casting process is a technique of making a thin strip of rapidly solidified alloy by bringing a melt of an 
alloy into contact with the surface of a chill roller and rapidly cooling and solidifying the melt. According to preferred 
embodiments of the present invention, the melt is rapidly cooled and solidified using a chill roller that rotates faster 
than that used for a known strip casting process. Compared to a melt spinning process in which a melt of an alloy is 
ejected through « no//ie orifice onto the surface of a chill roller, the strip casting process results in a lower cooling 
rate. However the st-ip casting process excels in mass productivity because this process provides a thin-strip of rapidly 
solidified alloy with relatively large width and thickness. 

[0051 ] According to preferred embodiments of the present invention, either a crystal structure including a microcrys- 
talline R2pc 14 B phase or a structure in which a microcrystalline R 2 Fe 14 B phase and amorphous phases coexist can 

25 be formed in the rapidly solidified alloy almost without precipitating a soft magnetic a -Fe phase therein. Thus, the 
excessive grain growth of the R 2 Fe 14 B phase is prevented and the average crystal grain size thereof can be between 
about 20 nm and about 150 nm even after the rapidly solidified alloy has been heat-treated. As a result, a high-per- 
formance composite permanent magnet, in which fine crystal grains of the soft magnetic phases such as the a -Fe 
phase are distributed, can be obtained. In addition, the fine crystal grains of the soft magnetic phases exist around the 

30 grain boundaries or sub-boundaries of the R 2 Fe 14 B phase, thus greatly improved exchange interactions among the 
respective constituent phases. 

[0052] In the prior art, even when one tries to obtain a rapidly solidified alloy comprised of a lot of R 2 Fe 14 B phase 
by rapidly cooling a molten alloy with a composition similar to that of preferred embodiments of the present invention 
(i.e., a composition including all the elements included in the inventive composition butTi), the resultant alloy will have 
a structure in which a lot of a -Fe phase has grown coarsely. Thus, when the alloy is heated and crystallized afterthat, 
the a -Fe phase will increase its grain size excessively. Once soft magnetic phases, including the a -Fe phase, have 
grown too much ; the magnetic properties of the alloy deteriorate significantly, thus making it virtually impossible to 
produce a quality permanent magnet from such an alloy. 

[0053] Particularly with a material alloy containing boron at a relatively high percentage and rare earth element R at 
a relatively low percentage (less than 10 at%) like the alloy of preferred embodiments of the present invention, even 
if a melt of such an alloy is cooled at a low rate, crystalline phases like the R 2 Fe 14 B phase cannot be produced so 
easily according to conventional methods. In the prior art, even if one tries to make a rapidly solidified alloy including 
the R 2 Fe 14 B phase at 60 volume % or more by decreasing the cooling rate of the melt sufficiently, not only the R 2 Fe 14 B 
phase but also the a -Fe phase or its precursor will precipitate excessively. Thus, when that alloy is heated and crys- 
tallized after that, the a -Fe phase will further grow to greatly deteriorate the magnet properties of the alloy. 
[0054] Thus, it is widely believed in the art that the best way of obtaining a nanocomposite magnet with a high 
coercivity is to cool a melt of an alloy at an increased rate by a melt spinning process to amorphize most of the alloy 
first and then forming a highly fine and uniform structure by heating and crystallizing the amorphous phases. This is 
because they took it for granted that to obtain a nanocomposite structure in which fine crystal grains are distributed 
uniformly, there should be no other alternative but crystallizing the amorphous phases through an easily controllable 
heat treatment process. 

[0055] Based on this popular belief, W. C. Chan et al., reported a technique of obtaining Nd 2 Fe 14 B and a -Fe phases 
with grain sizes on the order of several tens nm. According to Chan's technique, the amorphous former La is added 
to a According to Chan's technique, the amorphous former La is added to a material alloy. Next, the material alloy is 
melt-spun to obtain a rapidly solidified alloy mainly composed of amorphous phases. And then the alloy is heated and 
crystallized to nucleate and grow both the Nd 2 Fe 14 B and a -Fe phases simultaneously. See W. C. Chan et al., "The 
Effects of Refractory Metals on the Magnetic Properties of a - Fe/R 2 Fe 14 B-type Nanpcomposites", IEEE Trans. Magn. 
No.5, INTERMAG. 99, Kyongiu, Korea, pp. 3265-3267, 1999. This article also teaches that adding a refractory metal 
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. leme „, anch as Ti in a vary sm„. amoun, ,..g . «) £~ « ^SSf ^ S"ee 0, 

^^r^a^a.— r ^S^"B^r^»a™^,i,prepa^.,a 
C00561 According to ma Chan's tachmgaa, tha rapidly ol •« « surtace ol . roter , hal is routing 

casting proc.ss at a cooling ra.a ioarar than that * e J^^Z « -F. on cooling) Oaring tha rapid 

Ti can aapprass nar only tha naclaanon of tha , -Fa f£££f££S^ « -Fa ph.sa during tha MatMgterys- 

P.T\rargrl,,adaa«od, m on,ao lm .pras« 

ization curve, can be mass produced. . uDn ,. n th coerciv it v can be increased by making the 

[0059] According to preferred embodiments of the ^^^T^^Zi the Nd 2 Fe 14 B phase increases 
Nd 2 Fe 14 B phase nucieate and grow faster and earlier m ^^fJ^^^ p ^J.^,^B m agnBtizMo n 
ils volume percentage and yet by suppressing thegramcoar^ 

can be increased probably because the additive Ti can P™<£"»" ^ s £f ied^Soy and can reduce the vo.ume per- 



25 [0060] 



30 



described in further detail. mnterl al allov having a composition represented by the general 

[0061] First, a melt of an iron-based rare earth mate " a ™*™2 T is at least one element selected from the 
formula (Fe, m T m ) 100 ., y ., n (B, W of Y (yttrium) and the rare 

group consisting of Co and Ni; R is at least one ele marttetaeM ^ £ of Al> si , v . Cr, Mn, Ni, Cu. Zn, Ga. 



10 at%< 25 at%; 
6 at%^ y < 10 at%; 
35 0.5 at%^ 12 at%; 

0^ 0.5; 

0 at%^ 10 at%; and 
0^ 0.25, respectively. 
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[006 2 ] Next,acoolingstep,car^ 

process within a reduced pressure atmospheric gas, ^by ma 'ng a W Joiume percent or more, 

phase with a small average crystal grain size e.g., about 150 ^^"g^ necessary to form a nanocom- 
[0063] The rapidly solidified alloy obtained th.s way ,s then heated I and ^stamzea y ^ g ^ 

posite structure including R 2 Fe 14 B and r^jT^^ S£S££p£~- ™> is C °°' ed 
crocrystalline « - Fe phase may also be included S**"^ ™ that the R 2 Fe 14 B phase will have an 

^ttS^^^tt r/n^ SL and . -Fe phases wil, have an average 
cry JgnS size of about 1 nm to Ti can contribute to producing a 

size, the soft magnetic phases like the « -^^j^ "^ a ^^L«onLi th. magnetization direction 

ST — a " 0y - 3 Wh0,S 
excellent loop squareness in its demagnetization curve Droce ss conditions, including alloy composition, 
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ofTh * t^^TT^ 6qUal t0 ' ° r GVSn hi9h6r than " that ° f the R ^e u B phase can be produced Examples 
of the ron-based bondes produced include Fe 3 B (with a saturation magnetization of about 1 51] and Fe^wiW a 
saturation magnetization of about 1 6 T) In this case th*> R r nh a L h » = * re 23°6 (with a 

T where R is NH anH th« „ L h u R 2 Fe 14 B phase has a saturation magnetization of about 1 .6 

are R ls Nd - and the a - p e Phase has a saturation magnetization of about 2 1 T. 
[0067] In preferred embodiments of the inventive process, those ferromagnetic iron-based borides are easilv nm 
duo*. The reason is that when a rapidly so.idified a.loy, most.y composed ofthe R 2 Fe 14 B ^phase Jmade the £££ 
phous phases existing ,n the solidified alloy should contain excessive amounts of boron AccordingTwTen theTov 
is heated and crystallized, that excessive boron will bond to other elements easily, thus nueS ng and growing tnose 
bondes profusely. However, if that boron, contained in the amorphous phases, bonds to other element 
compounds with a low magnetization before the heat treatment, then the magnet as a ^otetJlCTSSSSE 
decreased magnetization. As used herein, the term "amorphous phase" means not only a phase in which he Somic 
arrangement is sufficiently disordered, but also a phase containing embryos for <^7Z21tj 
a me regions (size several nanometers or.ess), and/oratomic clusters. More specL.ly, thetermtZlrslaTe- 
LtLrH P 86 h3V,n9 3 CrVStal StmCtUre that Cannot be defined b * faction analysis oiTem obse^on 
vrn^rnTeE 

[0068] The present inventors discovered and confirmed via experiments that only when Ti is added the maonerirari™ 

sTaIo whTr 6 b TT: is , increased as ° pposed to any ° ther metai eie ™ nt « * ^ v c 9 r z N a r 0 n r 

Mo. Also, when Ti ,s added, the loop squareness of the demagnetization curve was much better than that of anv of the 
element described above. Accordingly, the present inventors be.ieve that Ti plays a key ro\X^Zr^^mT 

h a e ' n , C J de H d a mate " al a»°y with a composition defined by preferred embodiments of the present invention iron 
fnn h h° I' '^magnetic properties will easily grow while the alloy is being heat-treated In such lease boTon 
included ,n the nonmagnetic amorphous phases wou.d be absorbed into the iron based boriSs For that reasoS the 
non-magnetic amorphous phases, remaining in the heated and crysta.lized a.loy, decreasTtheir Z ume 3nC 

moeS] ^Z^^^^T"" inCreaS6S V °' Ume P6rCentage inSt6ad thuS increasing thtremaTnceT 
[0069] Also, where Ti ,s added, the gram growth of the « -Fe phase is suppressed and minimized and excellent hard 

Z lT^l P TT. ^ aChi6Ved - ln additi0n ' fe - ma 9netic phases, otherthan the R 2 Fe 14 B and « F phases can 
be produced and therefore a structure including three or more ferromagnetic phases can be formed in the aTov In 
contrast, where any of the other metal elements (e.g.. Nb, V, Cr. etc.), excluding Ti, is added therein growth o "the 

The l^r TT r r a T biV " 3 relatiV6,y hi9h tem Perature range in which the « -Fe phase gTws rapidly and 
the magnetization direction of the « -Fe phase cannot be effectively constrained by the exchange coupSng beleen 

ness ma9net,C PhaS6S - AS 3 r6SU,t ' the ^^ization curve will have a greatly JreaTeT^TuZ 

[0070] It should be noted that even where Nb, Mo or W is added instead of Ti, good hard magnetic orooerties 
JatS .owT° r ° P SqUareneSS ° f the Magnetization curve, are attainable by thermaNy t3g le Zy X a 
relatively low temperature range where no a -Fe phase precipitates. In an alloy that has been heat-treated a such a 
ow temperature, however, R 2 Fe 14 B crystalline particles would be dispersed in non-magnetic ^KSiSlJ 
perature" thTn Z ma ^ structure. Also, if the alloy is heat-treated aTan eve 'h gher tem 

S h i k P a ! 6 " UC,eates and 9 rows ° ut °f the amorphous phases. Unlike the situation where T,7s 
mlnni 1 t " « ^ 8nd inCreaS6S itS grain size excessively after its nucleation As a resutt the 

magnetron d.rect,on of the a -Fe phase cannot be effectively constrained anymore by the exchange coLplino be 

Sab* " 6 ma9netiC PhaS6S> the ' OOP SquareneSS ° f tne demagnetization cu^2KS£ 

45 ° n ° th ,? r hand ' WhSre V ° r Cr iS added instead of ei ther of these additive metal elements is couoled 

antj-ferromagnetica V with Fe to form a solid solution, thus decreasing the magnetization considerably P 

down i ' , ! ? ? ,S addSd l ° the mat6rial a " 0y > the crystallization kinetics of the « -Fe phase is s.owed 

thaT he Nd fT U B ohase" ZT^ ? ^ ° " F ' * nUC ' eat6 Md 9 ™ T ^ 

so f th ?_ Nd2 ^ B phase start s to nucleate and grow before the a -Fe phase has grown coarsely For that reason 

™^ 9 z s : tzzi; f the Nd2Fe - B phase can be 9 ™ — ,y J «*— *~ 

rd 7 minim^H din H ly K 0n, y ^ 11 8dded ' ,he 9rain coarse ning of the a - Fe phase is suppressed sufficiently 

we?. Z B and C T° ' T'TT ^ fe "°™^° can be obtained. Furthermore Ti, as 

55 Z S„ k t V , ' mp0r1ant role as an eleme n» that delays the crystallization of Fe initial crystals (i e v -Fe 

rulrcol^ r^r T dUrin9 melt qUenChing Pr ° cess and th -eby facHitates the product of a 

T a Jnn rl kT ?^ ^ " " ^ ° f mc]ud '^ 71 is ra P id| V cooled a "« solidif ied at a relatively low 

cooling rate between about 1 0* °C/sec and about 1 0 4 <»c/ S ec, a rapidly solidified alloy, in which the « Fe phase «Z 
an excessively .arge gram size has not precipitated but which includes the microcrystal.ine R 2 Fe 14 B phasJ X about 
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60 volume percent or more (end sometimes iro "-^ * 0 " d "~ proce ss. in which a melt is directly poured 

[0074] in preferred embodiments of the present ■™^™f£llSZ without contro.ling the flow rate of the 
through a shoot (i.e., an exemplary ^^^^^^ to a melt spinning process requiring that flow 
melt using a nozzle orifice, .s preferably adopt ed. Accord n 9V. co P ductive and cost - e ffective. To amorph.ze the 
rate control using a nozzle orifice the 'nvent.ve process J^JJJJ^ with the strip casting process, normally 
melt of an R-Fe-B type rare earth alloy in ^^Tn^rZT^ B is added, then non-magnetic amorphous 
B (boron) is preferably added at about 0 ^"^"^J?^* even after the rapidly solidified alloy has 
phases with high B concentrations w.ll remain in *e meta^c fae obtajned As a resutt , the 

been heated and crystallized. That is to say, no ^ ,0 ™; drops. However, if Ti is added as 

volume percentage of the ferromagnetic phases . dec eases l ^^^SS^ m 0 P bserved . Consequently, iron- 

isessm^ — increases unexpected,y - 



Preferred composition 



20 



25 



15 n h „„ Mn Bt o/ or . ess then it is difficult to make the desired rapidly 

l0 075] If the tota. mole fraction x of B and C ^^^^'^ coexist, at a low cooling rate of about 
solidified alloy, in which the microcrystalllne R 2 F e„Ban d am <*pn P ^ coercivity wJ|| ^ be s0 

102 o C /sec to about 10» °C/sec. Also, even .1 the alloy is heat ^eatea aner satura tion magnetizations 

high. Also, where the mole fraction x is ^^^^^ to ^Tf^- chemical* stable compound, 
are produced anymore. Boron included ,n the ^^"^^J,.', the erosion resistance of the resultant 
Accordingly, the higher the percentage ^^^^^•^^ tiak . On the other hand, if the tota. mole 
magnet. For these reasons x should preferably be ^[^TpL^ of the amorphous phases, remaining 
fraction x of B and C exceeds ^^^^^^^r^^s. In addition, the percentage of the « -Fe 

at% and equal to or less than about 1 7 at%. h t n and about 0 .25. To achieve the effects 

10076] The (atomic) ratio p of C to B and C » P^^J^^ to JSlr than about 0.01 . The reason is as 
so expected from the additive C. the c ^^^^^^S^b are attainable even if C is added. On 

35 and about 0.15. , ^ lQl ^ ontc /inrludina Preferably, R preferably includes 

[007 7] R is at least one element selected from the ^"J^^^'^S^ in the R 2 Fe u B phase should 
substantially no La orCe.This is because ,fL^^^ of tne demagnetization curve. 

be replaced with La or Ce, thus decreasing the ^^^^ ^ ^ percentage (i.e., about 0.5 at% or 
However, the magnetic properties wril not be f«^ d ^^^ore the phrase "substantially no La (Ce)- or "sub- 
,ess) of La or Ce exists as an inevitably conta.nec impumy ■ JJJ*?- JJJ^ 0 5 at% or less . 
stantially excluding La (Ce)" herein ^J^t^^ as ^ n indispensable element, a portion of which may be 
[0078] More specifically, R preferably includes Pr or I *J «anw P tnen fine grains with the microcrystalline 
'replaced with Dy and/or Tb. If the mole fraction y of R ^ess than about 6 at £ h g ^ ^ hjgh ^ 

R 2 Fe 14 B structure, which is needed for realizing the coercivrty do not Qr y feater tnan about ^ o aft, 

enWJ cannot be obtained. On the other hand UJ J^JJ^^^^SL^ but thai of the B-rich non- 
then the percentage of the iron-based bondes ^JJ^jJ^S^ structure cannot be formed and the 
magnetic phases increases instead. As » ^ f ^ y ^^S element R is preferably equal to or greater 

Sto about 9.3 at%, and most preferabiy from about . J ^ magnet phases earlier than the soft 

[0079] The additive Ti effectively contributes to nucleaAng ^gmtto ^rd mag p^ ^ ^ ^ ^ 



40 



45 



55 



netization curve. h bove effects can not be attained fully even 

[0080] If the mole fraction z of Ti is less than about O- 5 ""™ 12 at% then the volume percentage of the 
though Ti is added. Nevertheless, if the mole fraction z of T, exceeds abou t «£Mh ^ 

— * - - > — y in a ran9efrom 
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Innof, a, PP mit of an even more P^erable z range is about 5 at% 

S^^2^^^ r m ° le f T ti0n *, ° f 8 °' the m ° re ,ik6ly the amor » h ° us P hases - an 
excessive percentage of boron, for example, are formed. Accordingly, the mole fraction z of Tl should oreferablv 

set higher because of this reason also, 71 has a strong affinity for B and is condensed a ound th g° t 

the hard magnetic phases. However, if the ratio of the mole fraction z of Ti to the mole fraction " of B s too Jioh th/n 

T, will not be present around the grain boundaries anymore but wi.l be incorporated intc^ The R^FeTJ compound tnus 

possibly decreasing the magnetization. Nevertheless, if the z/x ratio is too low, then^^n^^SSS,^ 

phases will be produced profusely. The present inventors confirmed via experiment maUhe mSe fracSo^s x and^ 

TJo Tl COntr0 " ed 10 "? iSfy ineqUaNty ° f ° ° 5S 2/5(5 °- 4 ' ™ re Preferably tL sa sfyThe "n^uaZ of M * 
z/xs o.35 and even more preferably to satisfy the inequality of 0 13s z/xs 0 3 '"equality or u.i = 

[0082] To achieve various desired advantages and effects, metal elements) M may be added M is at lea*t ™ e 

[0083] The balance of the material alloy, other than the elements B, C, R, Ti and M, may be Fe alone Alternath/elv 

o Fe, because the desired hard magnetic properties are attainable in that case also. However if more than about 50"/ 
of Fe is replaced with T, then a high remanence B r of about 0.7 T or more cannot be oSa^ed FoTthat re-on rht 

xzjztsz ss^ss: L p g r red embodiments of the present invention - be described in — 

ps E5S f *T SPeC ' fiC preferred embodiment of the present invention will be described 

RG 1 Tallin u Pref6rred t 6mbodiment . a rapidly solidified alloy is prepared preferably using the strip caster shown in 
FIG. 1 . The alloy preparat.on process is performed within an inert gas atmosphere to prevent the material a Nov Xh 
includes rare earth element R and Fe that are easily oxidizable, from being oxidized STlSjrSSiS^ 
rare gas of heNum or argon, for example, or nitrogen, or other suitable gas. The rare gas of him 
LolT 96 "' bSCaUSe mtr ° 9en reaCtS Wtth the rare earth eleme "t R relatively easily. 9 P 

[0087] The strip caster shown in FIG. 1 is disposed in a chamber (not shown) in which a low-pressure inert atmos 

!l ^ T CrUC ' b,e 1 IS constructed to feed ^e melt 3, prepared by melting the material alloy onto the shoot 
5 at a substantia ly constant feeding rate. This feeding rate is arbitrarily con reliable by tilting the meWnS^cble 1 2 
a desired angle for example. The downspout 4 is not an indispensable member but n^JSSfSSSSS he 
melt 3 may be directly poured from the melting crucible 1 onto the shoot 5 ' 

Xlti Jtw ° Uter CirCUmfe ! ence of the cni " roller 7 is preferably made of a material having relatively good thermal 
conductivity (e.g., copper). The roller 7 may preferably have a diameter of about 30 cm to about 100 cm and wWth 
of about 15 cm to about 100 cm. The roller 7 can be rotated at a predetermined velocity by a 1 ° Z shwnT Bv 

ach Th T i0na ' Ve ' 0City ' the SUrfaCe Ve ' 0City ° f the chi " ro,ler 7 is arbitrarilyVustable Th^ c 0 Z r a 

SSnn " ' P CaSt6r IS COntrol,able within a ^9* of from about 1x102 o C /sec to about ix 10^Sc b v 

selecting an appropnate rotational velocity for the chill roller 7, for example c/sec by 

^flT** °J ? 8 Sh °K l 5 0n WhiCh the melt 3 iS 9Uided forms a lilt a "9'e « with respect to the horizontal 
JZ^i I Stance , between the far ^d of the shoot 5 and the surface of the chill roller 7 is preferably within abou 

centeToM ES^S", ' A ' S0, TI 6 * SUCh the ' inS C ° nneCtin 9 the far of the shoot 5 to the 

HT^l I = T an 6 P (Wh6re °" P § 90 de9rees > with res P ect to *e horizontal plane X The tift 
f t an h 1 13 P rat " y betW6en 8b0Ut 1 and ab0Ut 80 de 9 rees ' m °re preferably between about 5 and 

rnn« ' t 9reeS - 1716 an9le P * P^rably between about 1 0 and about 55 degrees 

of the chill roller 7, thereby forming a melt puddle 6 thereon. surface 
[0092] The shoot 5 can rectify the flow of the melt 3 by delaying the flow velocity of the melt 3 to such a decree as 
to temporally reserve the flow of the melt 3 that is being continuously fed from the melting crudb.^ 

ow St Vf W iCa !i° n ^ bS ,Urther inCreaS6d With a dam P' ale for selectively dS^SS^SS 
f iow of the melt 3 poured onto the shoo. 5. By using this shoot 5. the melt 3 can be teemedso as to have a s bstanS 
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has its tilt angle a adjusted, the melt feeding rate is fine* ^coniroi momentum that is substantially parallel to 

of the melt 3 and the greater the ^^nturn thereof h tne chi|1 roller 7 . 

10093] in addition the sho t 5 - ^° ^ JperLre thereof by about 100 

„o m a.ch orhar a t, regular ,n ervale ^» m.se drains (corresponding .o ,he width ot eaon m.l, How) 
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between the melt and the roller surface in the area where the melt should be in close contact with the roller surface 
Consequently, the melt/roller surface contact ensured by the strip casting process is inferior to that ensured by the melt 
™«T 9 process This poor contact Problem and ways of solving it will be described in further detail later 
[0103] In the present preferred embodiment, the upper limit of the melt feeding rate (i.e., the weight of the melt 
processed per unit time) is defined as a feeding rate per unit width of the melt/roller surface contact area In the strip 
casting process, the melt comes into contact with the chill roller so as to have a predetermined contact width in the 
axial diction of the chill roller. Accordingly, the melt quenching condition greatly depends on the melt feeding rate per 
unit contact width. r 

[0104] If the melt feeding rate is too high, then the melt is quenched by the chill roller at a decreased rate. As a result 
a rapidly solidified alloy, which has not been amorphized or nano-crystallized sufficiently but includes a crystallized 
structure at an excessive volume percentage and of an excessive particle size, is made unintentionally. That is to say 
a material alloy suitably applicable to producing a nanocomposite magnet cannot be obtained. Thus, according to the 
abouTa kg^in/cm oM^s" 16 " 1 * present invention ' thefeedin 9 rate t^'"") unit contact width (cm) is preferably 

15 I0 1?k 51 . T°' WherG threS melt f ' 0WS are br0ught into contact with the chi " roller so that e ach melt flow has a contact 
width of about 2 cm, the feeding rate should preferably be about 0.5 kg/min/cm or more. Then, a processing rate of 
about 3 kg/min or more is realized. 

[ °] 06 i l 1 1* 16 Pr6Sent preferred embodiment, the meft is teemed at a feeding rate falling within the prescribed range 
on to he .ch.ll roller that rotates at a surface velocity falling within the particular range. In this manner, a desired rapidly 
solidified alloy can be manufacturing with high productivity even by the strip casting process. The strip casting process 
does not use any nozzle, which considerably increases the process cost as in a jet casting process, for example 
Accordingly, no nozzle cost is required and the problems caused by stoppage of the production process due to the 
nozzle clogging are eliminated. 

[0107] In the present preferred embodiment, the surface velocity of the chill roller may be about 5 m/sec or more but 
preferably less than about 20 m/sec. The reason is as follows. If the roller surface velocity is less than about 5 m/sec 
then the cooling ability of the roller is too low to obtain the desired rapidly solidified alloy. On the other hand if the roller 
surface velocity is about 20 m/sec or more, then it is difficult for the roller to bring the melt upward. Instead,' the cooled 
and solidified alloy will scatter as thin flakes, thus possibly making it hard to collect the alloy as intended The best 
surface velocity of the roller is changeable with the structure or material of the chill roller and the melt feeding rate 
However, if the surface velocity is too high, then the resultant thin-strip alloy will be extremely thin. When the strip is 
too thin , it piles up with a low density and occupies a large volume in the chamber. What is worse, if the surface velocity 
is too high, the particles of the magnet powder, obtained by pulverizing the thin-strip alloy, will be flattened Thus when 
such a magnet powder is molded, the magnet powder will show a decreased flowability. Also, the die cavities can be 
filled with such a magnet powder at a decreased percentage. As a result, the resultant magnet has a decreased magnet 
powder percentage and exhibits deteriorated properties. On the other hand, if the surface velocity is too low it is difficult 
to attain a sufficiently high cooling rate. In view of these respects, the surface velocity of the chill roller is preferably 
between about 5 m/sec and about 20 m/sec, and more preferably between about 6 m/sec and about 15 m/sec and 
even more preferably between about 10 m/sec and about 13 m/sec. 

[01 08] It should be noted that if the melt feeding rate per unit contact width exceeds approximately 3 kg/min/cm then 
the predetermined cooling rate cannot be attained and it is hard to make the desired rapidly solidified alloy An appro- 
priate range of the feeding rate per unit contact width is changeable with the surface velocity and structure of the roller. 
Preferably, the feeding rate per unit contact width is about 2 kg/min/cm or less, more preferably about 1 .5 kg/min/cm 
or i©ss. *" 
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[0109] Also, the melt feeding rate (or processing rate) of the overall machine should preferably be about 3 kg/min 
or more This is because a melt feeding rate of less than about 3 kg/mln results in poor productivity and prevents the 
material from being produced at a reasonable cost. To achieve this overall melt feeding rate, the feeding rate per unit 
contact width should preferably be about 0.4 kg/min/cm or more where the shoot and the chill roller have their appro- 
pnate shapes. ^ 

[01 10] For example, where the roller is made of Cu and has a diameter of about 35 cm and a width of about 1 5 cm 
the feeding rate per unit contact width should preferably be between about 0.5 kg/min/cm and about 2 kq/min/cm for 
a roller surface velocity of about 5 m/sec. to about 1 0 m/sec. In that case, the rapid cooling process can be carried out 
at an overall feeding rate of about 0.5 kg/min. to about 6 kg/min. 

[01 1 1] By appropriately determining the shape and configuration of the shoot 5, the width and the number of melt 
drams and the melt feeding rate, for example, the resultant thin-strip rapidly solidified alloy can have an average thick- 
ness and width that are within preferred ranges. The thin-strip rapidly solidified alloy preferably has a width of about 
15 mm to about 80 mm. Also, the thin-strip alloy may not be too thin or too thick. If the solidified alloy is too thin then 
he tap density thereof will be low and it is hard to collect the alloy as intended. Nevertheless, if the solidified alloy is 
too thick, then the alloy may have been cooled on the melt/roller contact surface and on the free surface (i e melt 
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preferably has a thickness of greater than 80 \i m. 
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?he present preferred embodiment of the present invention, the microcrystallme R^B N^Fe B ) phase . already 
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g Fe 23 B 6 ), showing a saturation magnetization equal to or even h.gh er than that of R 2 Fe 14 B phase, a f-e.pn 
to about 30 nm. Also, the average crystal grain size of the Nd 2 Fe 14 B phase ,s preferably greater than that of 
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boundaries or sub-boundaries of the Nd 2 Fe 14 B phase, can be obtained. A structure like this suitably maximizes the 
exchange interactions among the respective constituent phases. Ti exists in the iron-based boride. This is probably 
because Ti shows a close affinity to B and is easily concentrated in the iron-based boride. In other words Ti and B 
« r™ 9 J y b ° nd t0 6aCh ° ther in the irorvbased boride - Tnus . the additive Ti chemically stabilizes the iron-based boride 
[0120] It should be noted that the thin strip of the rapidly solidified alloy may be coarsely cut or pulverized before 
subjected to the heat treatment. After heat-treated, the resultant magnetic alloy may be finely pulverized to obtain a 
magnet powder. Then, various types of bonded magnets can be made from this powder by performing known process 
steps on the powder. In making a bonded magnet, the magnet powder of the iron-based rare earth alloy is compounded 
with an epoxy or nylon resin binder and then molded into a desired shape. In this case, a magnet powder of any other 
type (e.g., an Sm-Fe-N type magnet powder or hard ferrite magnet powder) may be mixed with the nanocomposite 
magnet powder. K 

[0121] Using the resultant bonded magnet of preferred embodiments of the present invention, motors, actuators and 
various other rotating machines can be produced. 

[0122] Where the magnet powder of various preferred embodiments of the present invention is used for an injection- 
molded bonded magnet, the powder is preferably pulverized to have a mean particle size of approximately 200 u m or 
less, more preferably from about 30 p m to about 150 u. m. On the other hand, where the inventive magnet powder is 
used for a compression-molded bonded magnet, the powder is preferably pulverized to have a mean particle size of 
about 300 n m or less, more preferably from about 30 ji m to about 250 n m and even more preferably from about 50 
u m to about 200 u. m with a bimodal size distribution. 
2° [0123] A second specific preferred embodiment of the present invention will be described. 

[0124] Where a melt of a material alloy having the above-described composition including Ti as an indispensable 
element is rapidly cooled and solidified by a strip casting process, a compound of Ti and B (e.g., TiB 2 ) is likely formed 
in the melt. As a result, the liquidus temperature of the melt becomes higher than that of a melt of a material alloy for 
an iron-based rare earth magnet with the known composition. Once the liquidus temperature of the melt has risen the 
temperature of the melt should be raised (e.g., to about 1 00 °C higher than the liquidus temperature) to keep the 
viscosity of the melt sufficiently low. Otherwise, the melt cannot be teemed constantly enough. 
[0125] However, if the melt to be teemed and rapidly cooled and solidified on the surface of the chill roller has its 
temperature increased, then the surface temperature of the roller will also increase. In that case it will be harder for 
the resultant thin-strip rapidly solidified alloy to leave the chill roller. As a result, the solidified alloy easily winds around 
the roller. Once the thin-strip alloy has wound around the roller, the melt flows are fed onto the wound alloy one after 
another to considerably increase the average grain size of the crystalline phases produced in the rapidly solidified 
alloy. Consequently, the resultant magnet properties are significantly deteriorated. 

[0126] A problem like this is rarely observed in a melt spinning process, in which a relatively light weight of melt is 
ejected through a nozzle. In the melt spinning process, the amount of the melt that comes into contact with the surface 
of the chill roller is small, and the strongly ejected melt can keep good contact with the roller surface As a result the 
melt cooling ability of the rollermuch less likely decreases and the melt can be cooled uniformly at a sufficiently high rate 
[0127] According to the strip casting process on the other hand, it is difficult to cool a large amount of melt uniformly 
at a sufficiently high rate because no nozzle is used. Also, where the material alloy has the inventive composition the 
m.crocrystalline structure of the rapidly solidified alloy and the resultant magnet properties greatly depend on the 'rate 
or uniformrty at which the melt is rapidly cooled. For these reasons, to mass produce high-performance nanocomposite 
magnets by the str.p casting process, it is necessary to prevent the thin-strip alloy from being wound around the chill 
roller. 

[0128] The present inventors discovered that when an appropriate amount of Nb was added to the material alloy 
with the above-described composition, the liquidus temperature of the alloy is decreased by as much as approximately 
1 0 °C or more (e.g., about 40 *C to about 80 °C). Once the liquidus temperature of the melt has decreased, the viscosity 
of the melt hardly increases even if the temperature of the melt is lowered. Thus, the melt can be teemed continuously 
and constantly at a decreased temperature. Also, if the temperature of the melt being teemed has been decreased 
the melt can be cooled sufficiently on the surface of the chill roller. Consequently, it is possible to prevent the rapidly 
solidified alloy from being wound around the roller. In addition, the rapidly solidified alloy can achieve a uniform micro- 
crystalline structure and greatly reduced average grain size. 
[0129] Thus, in the present preferred embodiment of the present invention, a melt of a material alloy, having a com- 
position represented by the general formula (Fe,. m T m ) 100 . x . y . 2 . n ( Bl . p C p ) x R y Ti 2 Nb ni is rapidly cooled and solidified by 
a strip casting process. In this formula, T is at least one element selected from the group consisting of Co and Ni and 
,s at least one ele ™nt selected from the group consisting of Y (yttrium) and the rare earth elements The mole 
55 fractions x, y, z, m, n and p preferably satisfy the inequalities of: 

1 0 at% < x^ 25 at%; 
6 at%^ y < 10 at%; 
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0.5 at%£ 12at%; 
0^ 0,5; 

0.1 at%^ 5 at%; and 
0< 0.25, respectively. 
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[01301 U should be noted that to prevent the solidified al.oy from being wound 
EonorNLuta.socontro,otthea^ 

[01311 In the present preferred embodiment, a rapidly sc °V? p atmosphere to prevent the material alloy, 

created Like me caster shown In FIG. 1 , me, ^'^T " ,^ a lun. ano, in melted in me melting ereclble 1 
cm .one, 7. a sheet (tundish) 5, and e scraper ga .spray 9. Rra, a m ^ 6 so M ,„ „ a raplffly 

N .„ me me., 3 is peered frerr, me meltmg ereoibl 8 , 1 «o M « ™^^ Ka »„ ffie chill ,„,,., 7. then leave, the 

peolhbic from the chill roller 7. orepared by melting the material alloy, onto the shoot 

S%ret™«neee )terC 

(e a copper) The roller 7 may have a d.ameter ( = 2r) of abou »w» } By controlling th.s 

22umS cm The roller 7 can be ^^^TS^^u^TlI. cooling rate achieved by this 
rotational vo.oc.ty the surface velocity of he cU, "™ ^£*™\ 0 a Lt 2 x10* °C/sec by selecting an appropriate 
strip caster ,s controllable within a range from about 1 0 C/sec 

rotational velocity for the chill roller 7, for example. far end of the snoot 5 on to 

■ - 6 - - - ,h6 ° nl " 

lS TbesbnetSmaybemaden,—^^^^^ 
me ,.ow..lccityolth»m.lt3tosechad^^ 

supplied from the melting crucible 1 at a pred •WJ™**« Tate TOe r fl ^ „,.,„„„, 5 . 

kn.nl will be pertermed en the rapidly «*Msd allay t as ^ as Tl „ pre lerabl, added 

KlJ^^Sn&tS^SSS: tamperatete a, me meltan atley. C_t* tbe 

S3 ^r^^'SSSSS i— — - ■*• ^ aM 5 ™ re 

S^^^ a „ d b ( a,„ ^ ,s 

[ 0 141 As already described for the second specfic P^^ f^ u|t tne llquidus temperature of the melt 
easily formed in the melt of the alloy with the 'nyentive compos. ^*^ t ^^^^ mK * Um . 
becomes higher than that of the melt of a material ^'"^ 

[0142] The present inventors discovered Itha, .when an ««J*j; < decreased by as much as about 5 

materia, al.oy inc.uding Ti and B the e m perature of the melt has been decreased due to the 

°C or more (e.g., about 1 0 to 40 degrees). if tne temperature of the melt is lowered. Th.s ,s 

addition of carbon, the viscosrty of the melt hardly Suppressed. Thus, a constant melt flow can be formed 
because the crystallization of the Ti-B ^°^ aUC ^J^6 has been decreased, the melt can be cooled sufficiently 
continuously. Also, if the temperature of J^J^^^^S. rapid* solidified alloy from being wound 

Si, Thus,inthepresentpreferredembodi^ 
the general formula (Fe 1 . m T rn ) 100 .x-y-z-n( B i- P C p>* R y 1 15 rdp y 
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c7n^ J* *r\ T " " ™ «™« — ted <™ the group 

elements 9 and M is a Teas t" « ^ C ° nSiStin9 ° f Y (yttfiUm) and the rare eart " 

Mo, Ag, Hf, Ta, W, Pt, Au and Pb 9 P C ° nS ' St,n9 ° f Al " Si ' V ' Cr > Mn > Cu * Zn ' Nb, 

[0144] The mole fractions x, y, z, m, n and p preferably satisfy the inequalities of: 



10 at%<x^ 25 at%; 
6at%^y< 10at%; 
0.5 at%^ 12at%; 
10 0^ 0.5; 

0 at%^ 10 at%; and 
0.01 g 0.25, respectively 



20 



25 



30 



material alloy with a oxygen wSmZ^SJ? nnn SPeC ' f ' C Pr6ferred embodim ent of the present invention, a 
concentration of the moZ a oyTcoto ed at about OOoTrn oM 7" PerCe " ta9e) ^ fte °^ en 
tration of the melt is changeable^ S^SS^J^J^ °? mass percen 'age). Tbe «W concen- 
the material alloy and rapidly cool and soHdi v th™ u T 9 . atmosphere and/or the time it takes to melt 

these conditions are controlLd Mn W ^^I^S a "° y ' AcCOrdin ^ in this 1»c«e preferred embodiment, 
[01 46] The melt 3 which has Lt h^n T Z ? u Xy96n concentration does not exceed about 3,000 ppm 
lurface of the chJ. ro.ter 7 ^S^JSS^^^ *' * *— T ^ "» to e " d ° f the shoot 5 ™ «- 
7. In this specific preferred ernbodS caTon fe^^T L 9 8 PUdd ' e 6 °" the SUrface of the chi » 
melt low enough. Lcordingly who^ ^^EL* th \ mate / lal a »°y *» keep the liquidus temperature of the 

the melt can be maintained^ Z^S^S^XL^ " \ 1200 °° * ^ *° M ^ of 

sZU^cTssT "^^'t^ ?r iC Pr6ferred ^-^^So applied to the 
pared, the same process ste s as ^ .C^f^'T' 0nCe the rapid ' y S ° Hdified has bee " P» 
rapidly solidified alloy. ed ^ the f ' rSt Spec,f,c preferred embodiment will be performed on the 

oriis. i^^^^z^zs^ rs? a,,oy often has a tap density " ab °" 0 **• 

verized by an appropriate pulverL^ s Z xlZ7T^£ ^ ^ a "° y iS pre,erab, y P ul " 

collected. h3Ve 3 tap dens,ty of approximately 1 g/cc or more before the alloy is 

materia. SjTlZ^^ " £' " ^ iS added te tha "™"«— -re earth 

alloy can bemass produce I ^„ouS^ W,, • ^ ° f ^ a "° y - Conse ^ e " t| V, the rapidly solidified 

5IS1 Tn t°h U A h n^ PeCi,l 1 C Preferred embodiment of the P^ent invention will be described 

ES nTsec 6 ^iSnST^ ""^ - 3 ™* - -rface velocity of about , m/sec. to 

structure of quality can be ma* fmm th J ZZZT COmp ° Slt,on includin 9 the additive Ti, a rapidly solidified alloy 
properties i much as PoTa^h^ 

normally adopted in the known strip casting proTess V 8 SUrfaCe V6 ' 0City mUCh hi 9 her than that 

move 41 the N ro:ent S oy ^^TSSS^ ^ ° f ^ Chi " r0 " er ' the ^ diff -'^ » * to 

cannot ensure sum^cS con^^ the stri P P-ess 

because a thin gas film layer develooed around ' „ T ° f tHe r ° tating Chi " ro,ler - This is Partly 

roller surface. Thus iHhe ch 1.1 roNe is rota ted ^ t ^ ' ' S ° aUght the 9ap between the ma '* and the 

will slip off the surface of the ZZTrnaZT^ ^ ^ ^ ^ CaStin9 Pr ° C6SS ' then the me,t 

on the other hand, a fine-line jet of h ^Jff ^ X me,t "T" - " mSlt SPinni " 9 pr ° C6SS 

55 the surface of the chill roller in order to breal in^h all \Z I T ' S pr0peMed throu 9 h a "o^zle orifice against 
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♦ etmn nrocess has normally been adopted with the chill roller 

magnet in which hard magnetic ^« ^"-^ ft^E-SK "° cess naS a,WayS 13660 

together via exchange interactions, should be t oo ow othe^e to obtain the desired rapidly soLd.f.ed 

Resent inventors researched and by the present inventors a melt of a 

surface velocity of about 10 m/sec or more .n the > ^ 6e) and a latera | melt flow is formed on shoot by 

material alloy is poured onto a tilted shoot (..e an exemp ary 9 can be applied t0 the melt, thereby 

orri=^ - — 6n - h contact between the 

of the chill roller that rotates at a high ve.oc.ty described itn 

10158] However, the present inventors ateo d scovered «« m the in ^ ^ cooled w . , 

respect to preferred embodiments herein, even ^^^^ f ^^^^ BOm ^.O^^^ 
pressure atmosphere, the ^^^.^^^SE-lon process must be stopped and cannot be con- 
solidified alloy has wound around the ch.ll roller the rap.a realjzjng ^ mass productlon . 
tinued anymore. This unwanted stoppage ^'9^ consttu e aser l0 us fc ^ configuratlon and 
r 0 1 591 Thus, the fourth specific preferred ^^^^^^natantly on the chill roller that rotates at a h,gh 
Lot/roller arrangement specially designed fo, ' ^^^^SLund the roller. 

velocity while preventing the rapidly sol.drf.ed aHoy from bemg woun casting process js preferably 

controlling the melt feeding rate. d from the far e nd of the shoot 5 onto the 

preferably includes a plurality of guides for gu.dmg ^^^^f and left . hand side of the channel, while the 
thereof. Two of these guides are preferably ^ cnannel t0 divide the melt into two separate me 

other guide is preferably located on the ^^"g^JZ has a width of about 1 0 mm and these two melt 
flows in the example illustrated in FIG. 4, each of the twoj mel f ™* n rf from each oth er by about 1 0 mm. 

Sows are teemed onto the surface of the chil, ^^^£^££5 so as to have a substantially constant 
By using the shoot 5 including "^'^^^^^th. "longitudinal direction" of the chill roller 7 . 
with in the longitudinal direction of the cM I mtar 7. A. ^ her ^ mj out 9 Qf tne paper (FIG. 3)). Also the melt 3 
equivalent to the axial direction of the roller 7 the d, ^ ° n J s ltshouldbe noted that each of the resultant 

the casting process constantly enough. f jn tne stri p caster. If the chill 

[0163] Normally, - ^ the melt and the chill roller 7 is 

otrease^ 

[0164] FIG. 5 schematically illustrates ^^^^^oLbo. An atmospheric gas unintentionally gets 
If the chill roller 7 that is rotating at a surface ve ooj of abo* ^ ^ ^ ^ g ^ ^ a gfe b 

trapped in the gaps between the surface of the *^' 7 "™ ro „ er 7 , the smaller the effective area of contact 

SiSJ ^SSTJESS. being se,«e<, However. «he M .he de 0 ,ee o, sn^e an, so,-c„iee. ft. 
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process cannot be continued anymoS In the sL c 2nn " ' W0Und areUnd the Chi " r °" er 7 ' ,he coolin 9 
contact area as measured in the roTr circumJjrence S ' ■ T™^ the SiZS ° f the melt/ro,,er surface 

' S n rrir- 9 process < 

2e s^cVo r Um " ^ S^S* a no- 

even if the chill roller 7 has a great surface Sles th^ ^ a t !|; stthe / ollersurface a "hown FIG. 6. Accordingly, 
ensuring a high cooling am^to^^T™*^* S ^ P 9 °° d COntaCt With the r0 " er SUrface - thus 
' alloy uniformly at a sufficiently hlg! ! rate ' SP>mm9 pr0C6ss ' il is eas V t0 co °' the molten 

roughness Ra at the surface of he chi. ^7 Sl72? t ^ 1 ° "* 8C ° r m ° re ' the " the Centerline 

the cnill roller 7 The presentTentors ZJl^ h , 0n the W ' ndin9 ° f the rapid| y so,idified all °y 8 around 
a, ,ne surface o« the chTro £ 7 waT about 20 n ^rTf "1/" eXperiments that if *• -ntertine roughness Ra 

roughness Rarnhc su^ ° f 016 present "mention, the centerline 

alloy cons, rt n, V nnd cont.nuous, ^nZTne ^u^^ t th ^ ' T ° Pr ° dUCe th6 fapidly S0,idified 
M m o. less ^ p.e.cab.y about 7 H m or less 9 ° f *• Chi " r °" er is P referab| V ab °" 13 

ve.octy thc^nemafc v«cos^ o Uhtme t 3 Zs a^ tl^rft T^' ^ Chi " r °" er 7 that * M * at a »*» 
present .nventors revealed .haTif the mTlt 3 LcTa kinerZ™ T reSU ' tS ° f eX P erime " ts conducted by the 
puddle 6 was formed on the chill n^^^ ^T^^H SxlO^rAtoe. no 

k inema t c VIS cosayof, he rne,,3 S hou.dpL er lL;" 

about 1 • 10-7 m2/ sec or less ^onironeato oe about 5x10 6 m 2/ sec or (esSj and mQre preferab|y 

Ech^ 

less, then the melt is cooled on the shoot 5 fnrt h^ i \ t temperature of the shoot 5 is about 300 °C or 
sec. Accordingly, the V^^^J^^^TT T"* he '* aBed to m ° re than about «* 

(Al 2 0 3 ), which shows an excelnt wettaWlS wrth \t ™ J 7 ^' thamateria ' ««ed preferab.y includes alumina 
a rare earth element, at abo * 80 vlme Srcem ^mot 7 n ' based rare earth ^ and less likely reacts with 
shock, the ceramic is preferab y d^° m ' ^ CraCWn9 ° f the Sh0Ot 5 due to thermal 

should be as smooth as poiible H ° WeV9r ' the SUrface 0f the shoot 5 on w "ich the melt flows 

She^ «** ^ chi., rol.er 7 should preferably include a base 

copper, copper alloy iron camon sttelTu^tl { 5f P ' 6S ° f matSrialS f ° r the base of th a chill roller 7 include 
Among «h5thlng£^^ bery,l, " m tM ™' ° r ° ,her SUitab,e mate ^- 

100 VWnVK or rJe is ^l^T^S^^ " * *™« of about 

~rm a ;™ 

material (e.g., copper) for the chill roller b a J ^VnL R hen ' the drawba cks of a low-melting, soft 

beprotecUwith^ 

roughness Ra at the roller ^tf^^^^^ Tl r* ^ " b6in9 C °°' ed - AS 8 reSU,t ' the Centertine 
and thermal conductivity the plaUnq 5lm shSw 21^ k ! 3 ng ^ T ° e " SUre SUfficient fi,m st ™&* 

m.morepreferabfybetweenaiot^ 1 5u manS about 70 " h / ve a thickness of b ^ween about 1 p. m to about 1o6 H 
[0174] It should bended that ^ 

1 kg/min, then no puddle ^be fo^S , ( °°T 9 processin 9 rat ^) per melt flow 3 fe .ess than aoout 

hand, if the mett ^nJ^^^^^^T^ m6lt C3nn0t ^ qUenChed C ° nStant, V- ° n ot her 
exceeds that of the puddle? te fomr/ 0 ^ 0 ^ 4 kg T' n " m ° r6 ' then the volume of ^ ™t 3 teemed 

is not rapidly cooled Thus me lfll e nc h ^f ra t2 r °" ar f f Urface - Accordingly, the excessive melt 3 splashes and 
.ess than about 4 l^'^^TZ^ZT TT * ^ ° J ^ or ™" but 

about 1 kg/min or more but lessSaSt TkaMn To Z h ' T th9n at>OUt 3 ^ and most P re,erab| y 
shou,d preferab, be teemed onto * Wi^S^^ 
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[01751 In the illustrated specific preferred embodiment the surt ace v y ^ ^ 1Q ^ 

Lbly be within a range from about 1 ° m ' S ~^ However, if the rol.ersurface 

sec or more, the precipitin of the c ^^J^^SmSVn the rolier cannot be stabilized and the melt is hkefy 
veiocity exceeds about 26 m/sec, *^2JJ^2J^3SS alloy cannot be obtained. The upper limit of a more 
^XX^^^^X^ the ^pper Hrnit o, an even more preferable range ,s 

of the puddle S being formed is not 
at which the melt is fed onto the chill roller 7. To ^J"**™ Z^coTZZ the above-specified range, 
melt flow is fed onto the chi.l roller 7 ^f^^^ herapld coo^g atmosphere is preferably controlled 
[0177] In this specific preferred embod.men the pressure of the rap.d g ^ ^ ^ rapjd . cooljng 

l a, about 0.13 KPa or more but less than ab ou l™£^£Z£££ Surface of the chill roller too strongly to peel 
atmosphere is less than about 0.13 of the rapid-cooling atmosphere is greater 

,he rapidly solidified alloy off the roller On the *her hand^ *e prej P ^ ^ ^ ^ ^ 

than about 1 00 kPa, then the atmospheric gas w,ll £ Wj^JJA P c the me|t cannot be que nched 

60 kPa and most preferabV from about 30 kPa to about ^50 kPa ^ ^ surfa(je Qf 

bc otaincd without being wound around the chi.l roller unintent.ona.ly. 
Microcrystalline structure of rapidly solidified alloy 
,0179, FlG S.7Aand7Bschemat^^ 

structure of a rapidiy solidifiec I alloy. made (jn the shape of e . ribbon) by a 

[0180] First, as can be seen from FIGS. 7A a™'°'f '-P » R spinning process. Accordingly, crystal 

U casting process is thicker than a rapidly ^uppe surface thereof that is not in contact 

grains are formed near the free surface of the ^'^''^^^^Stact surface of the alloy (i.e. , the lower 
with the chill roller). In addition, crystal grains ^^^J^™^ crystal nuclei are likely to be formed 
surface thereof that is in contact with the ch... roller ^ "£^2 non-uniform nuclei. Also, as shown In FIGS. 7A 

^VteT^^ — « - — d a ' ,0y) ' ^ Sma " er ^ 

crystal grain size and the smaller the volume d ^^^^^l^ small as shown in FIG. 7A. Amongother 
[0181] Where T. has been added, the KTan amorphous portion is easily formed around 

hings, a -Fe crystals are particularly small in both s.z e and number Also an a p P ^ than ^ 

the center of the solidified alloy, and '^^^^addtKi. an iron-based boride (i.e., Fe- 

crystalline layer formed near the f J ee h Surtac %™^™^ ctystal grains formed have relatively large sizes 

B) precipitates. On the other hand, where no Ti has been .added, the cry g f ^ ^.^ 

as shown in FIG. 7B. This is particularly true of « cystals^ ^JJJJ^P ^ so|jdjf jed alloy , the m0 re likely 
alloy, the lower the cooling rate at the free surface ^o mat reason, as the rapidly so.idified alloy 

crystal grains of excessively large s.zes are formed near However , the addition of T. effectively 
thickens, the resulting magnetic properties ««^^™ f^^aWe hickness of the rapidly so.idified alloy. In 
prevents excessive growth of crystal grams thus ^^^^S!Z of about 50 p m to about 200 p m. To 
this preferred embodiment, the rapid^ sohd. f.ed a. ^^^W^^ rea lize good magnetic 
obtain powder particles in a desired shape ^^^T^ ^ out 60 p m to about 1 50 p m, more preferab* 
properties, the rapidly solidified alloy preferably has ' abo embodiments of the present invention, a 

from about 70 p m to about 120 p m. In th.s manner, ^ n ^^ made and . na nocomposite magnet with 
rapidly solidified alloy with a thickness of ^^^^SS!^ *as been hard to reahze this in the prior art. It 
excellent magnet properties can be tM ^^.^.^^^% sa 7 A and 7B are not to scale but have been 
should be noted that the sizes of the crystal grams ^"fj? 1 ins are actually so much smaller than the thickness 
emerged for the illustrative purposes. That m to say the crysta J tUa ' y 

of the rapidly so.idified alloy that they cannot b °^™^J^* e „ ed embodiment, even though an amorphous 
^0x^=^0^= 
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grams do not grow excessively and a rapidly solidified alloy having a microcrystZ ?^'^S2?!!£!^K 
a nanocomposrte magnet can be obtained. Furthermore, the rapidly solidified alloy (In^h^SSS^l 

6 h oi h ,to? m r r y ■ * e R2Fei4B phase shouid be inc,uded in the — — thTUS 

propemes. mat is to say, the addition of T. not only prevents the excessive grain growth of a -Fe but also nmH,,™ c 
the ferromagnetic iron-based bor.de having a very small size. According.* fhe iro based borfde and the R Fa R 

R 1 F 8 e 51 elnlTh "ST* rare r rth a "° y ma9net ° f tWS Pref6rred embod ^ent includes not only the hard magnetic 
that onL R Fe B oh a J S ° ft h magn6tiC ir ° n - based b ° ride wit " * saturation magnetization equal to or greater Sn 
coercLi^ H theLo^r i SamS StmCtUre - Accordin 9'y, as compared to an a.loy with a.most the same level of 

7 at% tols than 8 5 if WW th' ' T? T 81 * 1 * •» r ^ about 1 .2 to about 2.0 when the mole fraction y is from 

.qua": Z S vo ST. ^ mCr ' a r A " d " hS " ^ rna9n " U<te lhe --te«, JromoCo le 

EiU? . In 'S* S,riP ,° aSting Pr ° CeSS ° f Vari0US P referred embodiments of the present invention the chill roller can 

JESS 3 S ? C V ° C ? that iS mUCh hi9herthan that normal| y ad °P ted *" »• known strip cS process However 
the surface velocity realized by the inventive strip casting process is still lower than that reSSyTmeit soZS 

[0189] Afterthe heat treatment, the R 2 Fe 14 B phase included in the alloy should have a size (i e mean oamclo ™ 
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T&EttXSZ^ grain size of about 1 nm t0 about 50 nm ' more ***** 

rre^^ 

by p ocess of this preferred embodiment is ^^^^S^S^ a rapidly solidified alloy prepared 
pace's having a substantial* to 40 " m. Thus, if that thin alloy is 

by the normal melt spinning process has a th.c ness assma ^ ^ ^ g sma| , aspect 1 0 

pLerized underthe conditions cf this P™^"*^£j ^ powder particles obtained by this preferred embed- 
are obtained in the known melt spinn.ng process. ^^ e ^ M J^ and f .owability. Accordingly, the magnet 

l0193l Hereinafter, it will be described how a magnet ^^^^^^^^ 

with conventionally solidified magnet j^™ M °* sa mple of the inventive nanocomposite magnet 

Inc (MQI) and has a maximum part.cle size of 300 n m or 
powder was prepared in the following manner o{ T| 2 at% of Co and F e as the 

foi951 First, a rapidly solidified alloy (.nclud.ng 9 at% of Nd/n ar/o , ^ ^ ^ ^ gs ,„ 

£ ance and having an average thickness fed at a rateof 20 

Example 1 to be described later was pulverized , tc 850 or esj ^ an(J mnning at a speed G f 1 00 

g/min into a hoop belt furnace having a soaking f on « ^^3^^ at 680 -c. In this manner, the powder was 
mm/min within an argon atmosphere ^^^^^S^JL pulverized using a pin disk mil. so as to 
thermally treated to obtain a ^^^^^^^a ratios of 0.4 to 1 .0 were included at about 30 
have a particle size distribution ,n wh.ch ^^^mfj^s obtained in this manner. 
35 volume percent. A nanocomposite W*^^^^ jes of the respective magnet powders that 

r0196l Table 1 shows the contents of oxygen and the magnwc P v magnetic properties were 

l w°: r e Lft in the air for an hour at various ^^^^ C ^ ,° T *" were obtained not only at 23 °C but 
measured using a vibrating sample ^^^^u^^C and 350 °C, respectively. . 
also after the powders had been left in the a.rfor an I ™ u ' * *™ ™ our at 300 . C , the oxygen contained therein 
SSJ* As snown in Table 1, MQ ^ p ^^^ 

ncreased to 0.67 mass %. If for an hour at 300 »C, the oxygen conta.ned therein 

lS»t^"?- - - - - - hour at 350 ' c the oxy9en content 

oxygen contained therein was as low as it can be seen that the nanocompos.te magnet 

at 350 -C. the oxygen content bare y reached 0*>m"«£ ^ y ^ 

powder is superior in oxidation resistance to the = onventl ° n J ' ^ magne t powders that were measured wrth 
r0199] FIG. 15 shows the mass increase percentages <***™W°^ 1 J o C/min . As can be seen from FIG. 15, 
iTermobalance. These powders were increased its mass far less than 

even when heated in the air and oxidized, the nanocom^ 

MQP-B or MQP-O did. Thus, the nanocomposite magne P™ d * r N geen that MQP . B exhibited greatly dete- 

[0200] Next, looking at the magnetic properties shown in Table 1 1 , * c MQP-B was left in the air for an 

SoJd magnetic properties when oxidized *«™^>j£ ^ ^Lderthat had been left in the air for an hour 

S^n^^ 
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(BH) 

max thereof decreased 



tnlZ " Tl ™™ c ° m P° site ma 9^t powder NCP-0 was left inthe air for an hour at 350 «c 
02011 aT K hat ° f P ° Wder that had b6en left in tne «T an hour at 23 «C ' 
a °°nded ™^ « S nidation resistance. Thus, even whi.e 

cured), the magnet powder is iTS^n^Sfi "J, * " ^ Pr6pared >^or themutfy 

conventions rapidly solidified magna p w der (e g ^^S^T™ treatment ' Whbh iS necessa( V 
oxidized, can be simplified or even omLd fo the nan^omnnif I thS mag " et P ° Wder from bein 9 

pacting the compound should have it binder hSSSJS^SS" P " ^ 8 COmpacl f ° rmed by Com - 
rapidly solidified magnet powder is used the m£n*l£^?^^ ^ a ™ Strength - When the conventional 
gas atmosphere (e.g. Ar gas) J^^SS^^S^IS^ * & V3CUUm 0ran inert 

and cured even in the air. That is to say by usinaSna^^ mom P os ^ magnet powder may be heated 
bonded magnet can be simplified and I th "m^Z^na^T f *" manufacturi "9 P^cess of a 

rapidly solidified magnet P^^^^SS^i^ ™ * CUt Furthemi0 ^. *e conventional 

magnet by performing the process step 5 ™SSl£!S^ * ™ in ^ io ^e6 bonded 

temperature of about 250 °C to aboufsoo 47 ? ,r,ntrit k P W " h * r6S,n binder or "^"0 ™e mixture at a 
magnet can be formed by perform* Tan injection 2 l™ 9 thiS nanocom P°s" a magnet powder, a bonded 
fully achieve the beneficia.effects broughtTbo T^^^o^TT "T" 9 ^ ^ T ° 
powder, the magnet powder should preferablv be ItvLrln oxlda t'°r> resistance of this nanocomposite magnet 
mass % or less even after the plS j^T. h 38 t0 h8WB 3 " ° Xygen COntent of 0.24 

preferably, the magnet powder should be "rJ^ ta« f ^T^* * 3 °° °° * 350 ° C ' M °' e 

Considering the magnetic properties rBouir^^bl^^n^l % ° r ' eSS in Such a situatiori - 

for example, the magnetic ■ propertie ^T^T^^TX™ ™!° US **** ° f r ° tatin9 maChines or actua ^. 
include B r of 0.7 T or more, (BH) of 80 J/X mol m ( L?? '° b ° nded ma 9 nets P refera °'y 

with this oxidation resistance ^"^r^ZZ^""" **? ° rm ° reintheend - " the magnet powder 
s.ight.y oxidized while a bonded magnet TZeTnZoZZT " rea " Zab ' e "™ ^ the ma 9 net P° wd - " 

Table 1 



[0202] 



Powder 


Temperature (°C) 


( BH )max (kJ/m3) 


I B r {T) 


Hcj (kA/m) 


0 2 (%) 


NCP-0 


23 


107.0 


0.802 


1009.7 


0.02 




300 


103.1 


0.790 


989.3 


0.10 




350 


96.1 


0.774 


1006.8 


0.20 


MQP-B 


23 


122.0 


0.899 


732.6 


0.04 




' 300 


79.3 


0.762 


686.8 


0.67 




350 


38.2 


0.546 


635.8 


1.93 


MQP-O 


23 


113.0 


0.818 


1007.6 


0.04 




300 


105.7 


0.802 


999.0 


0.24 




350 


88.5 


0.744 


977.4 


0.59 



thereof lightly depend on the partTcle size due to s comoosZ » h" f Ch3ra ? terized in that the magnetic properties 
powder includes a rare earth element R at tre at iveS , 3 ' fe3tUr6S The nano ^mposite magnet 

addition, fine costal grains of a borSe phased S^eTaround a°n * t ^ ^ bounda " phase " ln 
high affinity for boron, the boride phase includes a aZJZ l™"*™ ?? Fe H B P haaa Furthermore, since Ti has a 
nanocomposite magnet powder is ^^SiS^i^l"! ? 71 3 ? y ° ther Ph3Se - C °^quently, the 
and c ?n ^ exce|lem magnetjc ^ «^ ~ tl0nal ^ dly ™9"« Powders 



rnonoi xu . even in ine Torm of powder 

an^ea^^ a -at ively ,arge amount of rare earth element R 

thereof deteriorate due to the oxidation o the ^r^HiT.^TnT^ ^ ma9n6tiC Pr ° P6rtieS 
maximum particle size of 300 u m or less) for examo^™-!? ! , m3gnet powder MQP ' B < with a 

less, in particular) exhibited di^L^^nSS^^?: ' C ' eS ° f ?5 »* m ° r ,GSS (0r 53 ^ m or 

(0.79 T) of powder particles with sizes of ^ ^^JTi IV? 6XamPle ' *< 

powder particles with sizes of greater than 12s ., m ! h « ff , ' the h,gnest re manence B r (0.90 T) of 



'max of powder particles 
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15 
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with sizes calmer- and of powder part^ 

, m) was 85.5 WW" This values > was less ttjan 75% of the average B W»££ JJ^ (BH)max of powder 
S- ,1^:!^;^^ rot m Zl^olZs in i 80 , m and that of powder pa.Ces win sizes 

of greater than 1 80 u m and equal ^^^^^^ magnet p0 wder deteriorate to a lesser degree by 
[0204] In contrast, the magnet.c propert.es of the nanocornp^iie iTiay H max _ 

oxidation and do not depend on the particle s,ze so ^^^ISS^^CSon the particle size and 
imum particle size of 300 n m or less) J* ^^SSTSSoSb T) of powder particles with 

are generally excellent as shown in Table 3. For example, remanenceB ( f™^*^^ s £ e& of greater 
sizes of 53 u m or less was 98% or more of the h.ghest <*™™<" f h f av ^ e l P H) ofpowder particles wit? sizes 

various compositions had their magnetic propert.es evaluated , a ^<™™£ ^ ™J ^ was 90 o /o or m ^ re 

Table 2 



30 



35 



Particle Size (\i m) 


(BH) max (kJ/m3) 


(kA/m) 


B r (T) 


^ 38 


83.7 


744 


0.79 


38 < , ^ 53 


87.2 


752 


0.79 


53<, =s 75 


94.2 


739 


0.82 


75<, ^ 106 


108.3 


748 


0.84 


106<, ^ 125 


111.5 


754 


0.86 


125<, ^ 150 


116.8 


741 


0.90 


150<, ^ 180 


115.7 


750 


0.88 


180<,^212 


113.4 


763 


0.85 


21 2<, ^ 250 


110.1 


755 


0.87 


250< 


112.9 


752 


0.88 



Table 3 



40 



50 



55 



Particle Size (p, m) 


NCP-0 




Mass % 


(BH) max 


HcJ 








(kJ/m 3 ) 


(kA/m) 


CO 


^ 38 


9.36 


104.5 


854.66 


0.830 


38 < , ^ 53 


6.83 


104.77 


844.00 


0.829 


53<, ^ 75 


12.34 


107.16 


853.39 


0.831 


75 <, ^ 106 


19.76 


110.67 


859.75 


0.837 


. 106<, ^ 125 


12.23 


112.64 


866.12 


0.845 


125<, ^ 150 


15.24 


111.63 


864.21 


0.843 


150<, ^ 180 


9.42 


105.64 


896.30 


0.820 


180<, ^ 212 


8.89 


107.61 


849.41 


0.831 


21 2<, ^ 250 


4.27 


99.67 


851.16 


0.814 


250< 


1.65 


B8.44 


844.64 


0.800 
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i?,! 1 h J? an J? S6en ' thS nanocom P° site magnet powder exhibits magnetic properties at least comparable to, u 
even betterthan, those of the conventional rapidly solidified magnet powders. Thus, this nanocomposite magnet powder 
may be used as a magnet powder for a bonded magnet instead of the conventional rapidly solidified magnet powder 
(e.g., MQ powder). Naturally, a magnet powder for a bonded magnet may consist essentially of the nanocomposite 
magnet powder alone. However, not all of the MQ powder has to be the nanocomposite magnet powder but only powder 
?™, eS S ' 2eS H m ° r l6SS may be re P' aced wi th the nanocomposite magnet powder particles 
[0206] Hereinafter, it will be described with reference to the experimental results how the fill density is improved by 
mixing fine powder particles with sizes of 53 u m or less or with sizes of 38 n m or less 

[0207] First nanocomposite magnet powder samples NCP-1 through NCP-5 with various particle size distributions 
nn.!lTH^ Prepar6d The magn6t P ° Wder NCP - 1 was obtained b V ^ng the material alloy thereof 

Z ZT n ?h P ° We n "I I 3 °' 5 * SCree "' WhHe the 0ther ma 9 net P° wders NCP " 2 through NCP-5 were obtained 
by rotating the p,n mill at 3,000 rpm, 4,000 rpm and 5,000 rpm, respectively. The tap densities of these magnet powder 
samp.es NCP-1 through NCP-5 as measured with a tap denser are shown in Table 5, in which the mass percenTage 
of powder particles with s.zes of 53 u m or less and the mass percentage of powder particles with sizes of greaterthan 
250 p. m are also shown for each of the magnet powder samples. 

Sfh!- AS , be SS ? n fr ° m thS reSU ' tS Sh0W " in Table 5 ' the sam P ,es NCP3 ' NCP4 ar > d NCP5 including particles 
With sizes of 53^ m or less at about 1 0 mass % or more (more exactly 9.5 mass % ormore) have tap densities of 4 25 
g/cm or more. Thus, these magnet powder samples show excellent fill densities. Generally speaking, the fill density 
of a magnet powder as evaluated by the tap density thereof correlates to the fill density of a compound powder for a 
bonded magnet. That is to say, if a compound powder is prepared using a magnet powder with a high fill density then 
the compound powder also has a high fill density. Accordingly, when a magnet powder, including 10 mass % or more 
of nanocomposne magnet powder particles with sizes of 53 n m or less, is used, a compound powder for a bonded 
magnet exhibits improved fill density and flowability. As a result, a compact of quality is obtained 
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Table 4 



Particle Size (jx m) 


Mass % 


NCP-1 


NCP-2 


NCP-3 


NCP-4 


NCP-5 


^ 38 


2.37 


2.05 


4.86 


8.88 


17.99 


38 < , ^ 53 


1.91 


2.54 


4.64 


7.42 


20.90 


53<, ^ 75 


4.90 


5.17 


11.80 


16.36 


26.92 


75 <, ^ 106 


11.57 


13.87 


23.08 


26.30 


23.60 


106<, ^ 125 


7.30 


11.11 


13.49 


12.56 


5.59 


125<, ^ 150 


12.29 


14.10 


16.26 


13.40 


3.37 


150<, s 180 


13.47 


17.53 


10.67 


7.90 


1.15 


180<, ^ 212 


17.37 


17.64 


9.08 


4.09 


0.37 


212<, ^250 


16.84 


8.80 


3.49 


1.76 


0.09 


250<, ^ 300 


9.26 


4.34 


1.56 


0.77 


0.03 


300< 


2.72 


2.87 


1.03 


0.50 


0.00 



Table 5 
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55 





(Mass %) 


(Mass %) 


(g/cm 3 ) 


m 53fim 


250fi. m< 


Tap Density 


NCP-1 


4.30 


12.00 


4.01 


NCP-2 


4.59 


7.21 


4.12 


NCP-3 


9.50 


2.59 


4.28 


NCP-4 


16.30 


1.27 


4.25 


NCP-5 


38.90 


0.00 


4.33 
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[02091 Furthermore.*^^ 

with sizes of 38 „ m or less. Nanocomposite magnet powders NCP-1 throug^NCP ^ compound 

buttons showninTableBwere prepared and then ^w^JJ«J J ^ Qf QSQ MPa (=10 ^ 
Then, the respective compounds were pressed and ' * J * e ° sp ^ tive C0 P mpact s for a bonded magnet and 

pounds are shown in FIG. 16. 

Table 6 



30 



35 



40 



10 


Particle Size (p, m) 


NCP 








-11 


-12 


-13 


-14 


-15 


-16 




^ 38 


2.1 


4.9 


.9.4 


11.6 


15.0 


18.0 




38 < , ^ 53 


2.5 


4.6 


6.8 


11.0 


23.2 


20.9 


15 


53<, ^ 75 


5.2 


11.8 


12.3 


14,4 


26.0 


26.9 




75 <, ^ 106 


13.9 


23.1 


19.8 


20.3 


22.4 


23.6 




106<, ^ 125 


11.1 


13.5 


12.2 


13.5 


6.1 


5.6 


20 


125<, ^ 150 


14.1 


16.3 


15.2 


10.4 


2.9 


3.4 




150<, ^ 180 


17.5 


10.7 


9.4 


9.0 


2.2 


1.2 




180<, ^ 212 


17.6 


9.1 


8.9 


6.9 


1.7 


0.4 




21 2<, =S 250 


8.8 


3.5 


4.3 


2.1 


0.5 


0.1 


25 


250<, ^ 300 


4.3 


1.6 


1.7 


0.8 


0.1 


0.0 




300< 


2.9 


1.0 


0.0 


0.1 


0.0 


0.0 
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,<»,„, As en „e seeo M HQ. 11 tt. ^Z^^^^^^^^- 
partes with size, of 38 „ m or less is too low or J e "™ ™ 8nl m or teM a , about 8 m „, % or more, is 

Methods tor producing compound and magnetic body 

[02111 A magnet powder for a bonded magne, " ^ " 

compounded with a binder of a resin, for example, P^ o ^ g magnet powder with a thermoplastic 

[0 212] A compound to be injection molded l • P«»»** "Cruder On the other hand, a compound to be 
resin using a known kneading machine such as a kneade ^oran «*~*^ ° faeen dj|uted with a solvent , 

compacted is produced by mixing the magnet P°w« • ^^^m^Cwder-r^U. mixture is disintegrated 
and then removing the ^^^^^^'^^SSS^!^ tSn^im, the mixture may be formed into 
to a predetermined particle size. By adjusting the d s^^ting ana oxn granulated, too. 

granulated powder. Also, the powder materia. < ^^^^^'^"ni, have its surface treated by 
10213] To improve the anticorrosiveness of the JS^J^^^SSSr improve the anticorrosiveness of the 
a known process (e.g., conversion coat.ng process) m ^^^^^^^ 0 f the compound, any of 
ma gnet powder, the wettability of the magne *P«^J^ ^ZTa^oeJ, coraJc ultra-fine particles of 0* 
^IZT^^T^Tlr may be id. Furthermore, thermal stabilizer, f.re 

applications. Thus, depending on the '^ n ^ t ^^ ^^.^.J^" ^ thermosetting resins such as 
the magnet powder are determined ^^^^^S^ (««* as "V ,on 66 ' ny '° n 6 and 

r^o^ - ~ ene su,,ide ' rubbers or e,astomers a 

denatured, copolymers and mixtures thereof. 
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js and SussLSr: the rTL p r der of the present invention is used - me m 

Sautes ^iSlT ft" " ' hemose " i "3 re * '"<« * au h, 9 herl em per..u,e may ba Sad 

suLte mate ZZZ l* "used 56 f0rm,n9 meth ° dS ' 3 thermosettin 9 « thermopiastic resin, a rubbe'r or other 

fnf.! 7 I J ^ fl C r POUnd J, nClUC I! n9 ma9net P ° Wder ° f the present invention exhi b*ts an increased f lowability Accord- 

Applications of bonded magnet 

to FIG. 1 7 Hereinaften an applicati0n of the inventive bonded magnet to a stepping motor will be described with reference 
Snga peine" X^T^.TTT^ * C ° M ™ °' 3 ™ t0r 1 00 

mfmmmm 

[0223] The rotor 101 may be produced by any of various methods For example the rotor 101 rnX Z^ hl 
compacts a compound including a thermosetting resin or by injection-moiding "or ^C- ^^X^ 
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thermop.astic resin. Hereinafter, an exemp.ary method for producing the rotor 101 w«. be described with reference to 
FIGS. 18A through 18D. t u ArmftCO ttinn rp<*in as a binder is used, the rotor 200 shown in 

Sri^^lT^ 'S InCddaa a -o.or or- 205. a ,o te 20S ™„dia 9 M a«, 205 add a 
through 1 8C. ^ <OA wia Q fQoH ^r hn* 203 containinq a powder compound 201 is being slid over the 

r«r° N r^X'T , ™ e « B . »• compound 20, ts praasad an, cornpanrad v„ an uppar pane, 209, .or 
Ln- J* «.o.«b» pby«.«y binding ma yoKa 208 and tho ""J"*^"*^ 204 Th. mMv, ™"*.r 207 

aS^r/aT^^^^ 

«hLu much bn„n, .Paaaal raaiaranca, rnacaaajc. praP«« 9 ^*^^f Tn F us avan if ih. .h.rmu.aning 
ol Iba prc.ont invention, ma magnat powdar rta.lf has aycenant anbaarrosr »ana • d 

=a=^ 

L ooU 7 , ba o ™ , otor does nM nwe 
prLaTbU"a=^ 

- lb' «»^» •» "^d rl? 3oS (sa"a S To t ^ in . PM (in.ado, pa— m .pna„ >»pa 

effective to produce a magnet-embedded rotor 30U (see nw. iaj 

m0,0r - , l. jj-j mtnr o 00 shown in FIG 1 9 includes an iron core 301 (with a diameter of 80 mm and 

[0235] The magnet-embedded rotor 300 shown in FIG. 19 ^ 3Q1 and g plura , |ty 

a thickness of 50 mm, for example), a rotating shaft sMJMiowec at ne illus trated example, eight 

of arced magnet slots 304 formed I along the ^^^^^^Z consisting of a first s.ot 304a 

of the rotor 300, an IPM type motor can be obtained. t ^ hnimlM F oreX amDle where a compound including 

[02 36] The bonded magnets may be formed by any 63-981 08, 

a thermosetting resin is used, an in-s.ot compaction ^^^^ is P used , an extrusion or injection 

for example) may be adopted. Also, where a compound mdu. ^8 a »em^ ™ n 3Ma and 304b can be filled with 

is szs ssrrsrsr ^Tr^=^a b, ^ a a 
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rotary encoder) 400 shown in FIG. 20A. 

EofSo Jaft en , COd ^ 4 K Sh ° Wn ' n RG - 2 ° A inClUdSS a rotatin 9 shaft 413 ' a bating drum 416 coupled to the 
« nSfnf k h h ° r 414 th3t h3S bSen b ° nded 10 the outer Circumference of the rotating drum 41 6 and inc udes 
41 S 17*1 JTt T 41 5 ' 3 S6nS ° r 41 7 8ttaChed 10 the 0uter Circumference of the rotor 41 4 The sensor 
For examol h7c ^ T ^ 41 7 Ca " deteCt variation in m *9netic *»» P^ced from the rotor 41 4 
Sat!naT5; 41 , 7 Tl b6 Ha " d6ViCe ' "agnetoresistance device or magnetoimpedance effect device The 
m£n Thl UnZr i °°TZ ? 3 T° r 41 2 - Th6 SenS ° r 41 7 iS COnneCted t0 an lament (not sn°wn). 
£ nf 1 , ?h ,1 a9 " etS 415 ' eaCh ° f Which haS been made from the compound of the present invention mav 
,1° ^ 2 dncal f a Pf as show " in TO- 20B. Also, the bonded magnets 41 5 are arranged around the oute Tcircum 
mat h h « TT 41 6 S ° that thS N and S P0,6S thereof alt6rnate with e *<* other. The bonded magne s 

^5££SZS2Z£ *7 41 5 an adheSiVe ' f ° r 6XamP ' e The r ° tatin 9 drum 41 6 ^ be niSTof a tetal 
ana aoes not have to be made of a magnetic material. 

Ef 40 ! T?!f T tary en ° 0der 400 0perat6S in the followin 9 manner. As the rotating shaft 413 of the motor 412 rotates 
the rotor 414 also rotates, .n this case, the magnetic flux, produced from the bonded magnets 41E 
otTJ c,rcum ference <* rotor 414 and then sensed by the sensor 417, changes its direction a7the roto^M 

e fa variSr 6 ' T SenS ° r 417 96nerateS 8 Si9na ' «""»P™«ng ^ this change in direction of the magnetic Sx 
{e.g.. a vanat on in vo.tage or current) and outputs the signal to the instrument (not shown), .n this manner the quan I* 
(i.e., the angle) of rotation of the motor 412 is measured. manner, me quantity 

™lL Tne COmpound °' lhe P resent invention has a good fill density (i.e., compatibility or flowability) and exhibits 
excellent magnet,c properties at least comparable to, or even better than, those of the conventional magnets Thus 
cZtZ a r tS ^ T* b6tter m6ChaniCal Pr ° PertieS and thermal resistance can be SZt^S^ 
0 2 r Furth r o qU T 9 hi9 ;: perf0fmance ' high-reliability angle sensor of a small size can be obtained 

Sin FIGS > ZZnl T 2 T 6 COmP ° Und fe alS ° effeCtiVS t0 f0rm 3 b ° nded ma9n6t f ° r the ma9netic «*» «- 
^ ?n G i' Th A ^ ^ C : oss :^ ct ional view schematically illustrating the structure of an electrophotograph process 

TSX^tSTf TT " Ph0t ° sensitive drum 51 0 driv - in the direction indicated by the a'rrow A 
a charging roller 502 for charging the drum 51 0, a developer 511 , and a cleaner 512 

SS^rt- deVel ° per 511 inc,ud6S a developing container 509 in which toner 513 is stored. A developing sleeve 
so dmm siTThe r0tatab ^ff e ; side the opening of the developing container 509 so as to face the phlsens"" 
s.ee" loeLTTl t T*Z t"* 1 *" ™ ^ ^ 514 ' Which COmes int0 co "tact with the developing 
sleeve So.' 9 9 Ck " eSS ° f ^ t0ner 513 that iS being carried and transported by the developing 

^^V!^^^ ViSW SChematica "y il,ustra « na the configuration of the developer 511 included 

35 SLn? 6 de ^'° pin9 s ! eeve 506 is made of a non-magnetic material and secured in a rotatable state to the devel- 
oping container 509 via a bearing. A magnetic roller 507 with a diameter of 8.5 mm, for example has been inserted 
L noS 507* ,0p,n9 S ' eeve 506 With a diameter 10 mm, for examp.e. The shaft 507a of the magneS mTer^Sas 
509 THe m a nl.r C ?i *T?T *" develo P in 9 ^iner 509 to secure the magnetic roller 507 to the container 
" SiT^^T^ 3 d6Ve,OPin9 P ° le 51 fr ° nt ° f th6 Ph — itiva d - « 0 a " d ^ree more pX 

TolLtZ7TT 8 f diSP °? ed S ° 35 10 SUrT0UPd thS devel0 Pi"9 sleeve 506 and forms a magnetic curtain in the 
gap g between the develop.ng sleeve 506 and the magnet 508. The magnetic curtain retains the toner 513 in the oao 
g, thereby preventing the toner 513 from being leaked 9 P 

« te? S ?Lm?lTt netiC r °" er f 7 iS made ° f the inV6ntiVe com P°"nd, and exhibits excellent magnetic properties at 
nronl^ P ' °! ^ ^ ^ th0Se 0f the conventional roller. The roller 507 also excels in mechanics 

s ^sZn fh reS ! StanCe Accordin 9'^ ^e magnetic roller 507 and developing s.eeve 50^ be^SSSS 

toZnZ COnVe " ,0na 0nes > and exh ibit improved performance. The magnetic roller made from the inventive 
compound ,s also app.,cab.e to a developer or developing cartridge for a photocopier or laser beam printer 

50 Examples 
EXAMPLE 1 

55 Mh Sh F °v eaCh f °l the SamP ' eS N ° S - 1 t0 7 Sh ° Wn in the f0 " 0Wing Tabie 7 - the respective materials B, Fe Ti Nd and 
55 Nb with punt.es of about 99.5% or more were weighed so that the sample had a total weight of about 600 g and then 

methoH ^ 8 ^ ,nt ° f A 7 C iblS ° f a ' Umina Th6reafter ' theSe all °y ed materials were meLd by an inlet Jn heating 
method withm an argon (Ar) atmosphere at a pressure of about 70 KPa, thereby preparing a melt of the allov After he 
temperature of the melt had reached about 1500 -c. the melt was cast into awater-coo.ed copped m d to make a 
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r02501 The alloy thus obtained was pulverized into flakes. The pulverized alloy flakes with a weight of about 25 mg 
were melted Then the molten alloy was rapidly cooled and solidified at a cooling rate of about 20 °C/min. The rapid 
solidification process was subjected to a differential thermal analysis (DTA) using a differential calorimeter within an 
Ar atmosphere. The results are shown in the following Table 7: 

Table 7 



50 



Sample No. 


Composition of alloy (at%) 


Solidification Ter 


nperature (°C) 




Nd 


Fe 


B 


Ti 


Nb 


1s t 


2nd 


1 


9.0 


Balance 


12 


3 


0.5 


1185 


1120 


2 


9.0 


Balance 


14 


3 


1.0 


1174 


1075 


3 


8.7 


Balance 


11 


2 


0.3 


1196 


1133 


4 


9.0 


Balance 


14 


4 


1.5 


1160 


1068 


5 


9.0 


Balance 


13 


3 


0.7 


1175 


1112 


6 


9.0 


Balance 


14 


4 




1240 


1145 


7 


9.0 


Balance 


14 


3 




1231 


1140 



f0251l lnTable7 Nb as wellasTi, was added tosamples Nos. 1 to5, whileno Nb was added to samplesNos. 6 and 7. 
0252 On the rightmost columns of Table 7, temperatures characterizing the solidification processes of the molten 
alloy are described for these samples Nos. 1 to 7. The temperatures identified by -1* indicate the temperatures at 
which the melt was solidified for the first time while the melt was being quenched (i.e., liquidus temperatures). On the 
other hand the temperatures identified by "2"*' indicate the temperatures at which the melt was solidified forthe second 
time while 'the melt was being quenched (i.e., freezing points that are lower than the liquidus temperatures). More 
specifically peaks of heat generation were observed at these temperatures by the differential calor.meter. 
102531 FIG 8 is a graph illustrating the results of the DTA carried out on sample No. 2 (to which Nb was added) and 
sample No. 6 (to which no Nb was added). As can be seen from FIG. 8, the liquidus temperature "1* of sample No 
2, i.e., the temperature indicating the first peak of heat generation during the cooling process, was lower than that of 
sample No. 6 by as much as about 60 °C or more. „.,«,««, le > 

f02541 This first peak of heat generation might have appeared due to the precipitation of a Ti-B compound phase (e. 
a TiB 9 phase). In this example, Ti and B were added at higher mole fractions compared to the known composition. 
Accordingly, a Ti-B compound with a high melting point was easily formed and the precipitation temperature would be 
high In an alloy with the known composition including no additive Ti (i.e., Fe 3 B/Nd 2 Fe 14 B system), the liquidus tem- 
perature of its melt was about 1200 °C or less. In the example of preferred embodiments of the present invention not 
only Ti but also Nb was added. For this reason, the precipitation temperature of such a compound decreased and the 
liquidus temperature of the molten alloy also decreased. 

r02551 If an alloy with the composition of sample No. 6 (representing a comparative example) is used , the strip casting 
process should preferably be carried out at a teeming temperature as high as about 1 350 °C. In contrast if an alloy 
with the composition of sample No. 2 (representing an example of the present invention) is used, then the teeming 
temperature may be set at about 1250 -C. for example. By lowering the teeming temperature m this manner, the 
excessive grain growth of the R 2 Fe 14 B compound and TiB 2 , which often precipitate at an early stage of the melt quench- 
ing process, is suppressible, thus improving the resultant magnet properties. 

45 EXAMPLE 2 

r02561 For each of the samples Nos. 8 to 1 5 shown in the following Table 8, the respective materials B, Fe Ti, Nd 
and C with purities of about 99.5% or more were weighed so that the sample had a total weight of about 600 g and 
then the mixture was put into a crucible of alumina. Thereafter, these alloyed materials were melted by an induction 
heating method within an argon (Ar) atmosphere at a pressure of about 70 kPa, thereby preparing a melt of the alloy. 
After the temperature of the melt had reached about 1 500 °C, the melt was cast into a water-cooled copper mold to 

make a plate-like alloy. . , . _ , , , 

r02571 The alloy thus obtained was pulverized into flakes. The pulverized alloy flakes with a weight of about 25 mg 
were melted Then, the molten alloy was rapidly cooled and solidified at a cooling rate of about 20 °C/m.n. The rapid 
solidification process was subjected to a differential thermal analysis (DTA) using a differential calorimeter within an 
Ar atmosphere. The results are shown in the following Table 8: 
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Table 8 



5 



10 



Sample No. 


Composition of alloy (at%) 


Solidification temperature (°C) 




Nd 


Fe 


B 


C 


Ti 


M 


1 st 


2nd 


8 


9.0 


Balance 


12.6 


1.4 


4 


0 


1200 


1012 


9 


9.0 


Balance 


11.2 


2.8 


4 


Cu0.4 


1187 


1009 


10 


9.0 


Balance 


9.9 


1.1 


3 


Nb0.5 




989 


11 


9.0 


Balance 


11.7 


1.3 


3 


0 


1183 


1002 


12 


9.0 


Balance 


12.6 


1.4 


5 


SM 


1210 


1047 


13 


9.0 


Balance 


13.3 


0.7 


3 


Nb1 


1168 


1103 


14 


9.0 


Balance 


14 


0 


4 


0 


1240 


1145 


15 


9.0 


Balance 


13 


0 


3 


0 


1225 


1120 



[0258] In Table 8. C. as well as Ti, was added to samples Nos. 8 to 13, while no C was added to samples Nos. 14 
and 15 

[0259] In the rightmost columns of Table 8, temperatures characterizing the solidification processes of the molten 
alloy arc described for those samples Nos. 8 to 15. The temperatures identified by "1 st " indicate the temperatures at 
which the melt was solidified for the first time while the melt was being quenched (i.e., liquidus temperatures). On the 
other hand, the temperatures identified by "2 nd " indicate the temperatures at which the melt was solidified for the second 
time while the melt was being quenched (i.e., freezing points that are lower than the liquidus temperatures). More 
specifically, peaks of heat generation were observed at these temperatures by the differential calorimeter. 
[0260] FIG. 9 is a graph illustrating the results of the DTA carried out on sample No. 8 (to which C was added) and 
sample No. 14 (to which no C was added). As can be seen from FIG. 9, the liquidus temperature "1 st " of sample No. 
8, i.e., the temperature indicating the first peak of heat generation during the cooling process, was lower than that of 
sample No. 14 by as much as about 40 °C or more. 

[0261] This first peak of heal generation might have appeared due to the precipitation of a Ti-B compound phase (e. 
g., TiB 2 phase). In this example, Ti and B were added at higher mole fractions compared to the known composition. 
Accordingly, a TI-B compound with a high melting point was easily formed and the precipitation temperature thereof 
would be high. In an alloy with the known composition including no additive Ti (i.e., Fe 3 B/Nd 2 Fe 14 B system), the liquidus 
temperature of its melt is about 1200 °C or less. In the example of preferred embodiments of the present invention, 
not only Ti but also C wore added. Probably for this reason, the precipitation temperature of such a compound decreased 
and the liquidus temperature of the melt also decreased. 

[0262] If an alloy with the composition of sample No. 14 (representing a comparative example) is used, the strip 
casting process should be carried out at a teeming temperature as high as about 1350 °C. In contrast, if an alloy with 
the composition of sample No. 8 (representing an example of the present invention) is used, then the teeming temper- 
ature may be set at about 1300 °C, for example. By lowering the teeming temperature in this manner, the excessive 
grain growth of the R 2 Fe 14 B compound and TiB 2 , which often precipitate at an early stage of the melt quenching 
process, is suppressible, thus improving the resultant magnet properties. 

[0263] For each of the samples Nos. 8 to 15 shown in Table 8, the respective materials B, Fe, Ti, Nd and C with 
purities of about 99.5% or more were weighed so that the sample had a total weight of about 1 5 g and then the mixture 
was put into a crucible of quartz having an orifice with a diameter of about 0.8 mm at the bottom. Thereafter, these 
alloyed materials were melted by an induction heating method within an argon (Ar) atmosphere at a pressure of about 
1 .33 kPa to about 47.92 kPa, thereby preparing a melt of the alloy. After the temperature of the melt had reached 
approximately 1 350 °C, the surface of the melt was pressurized with an Ar gas, thereby ejecting the melt through the 
orifice onto the outer circumference of a chill roller, which was located at about 0.7 mm under the orifice. The chill roller 
was made of pure copper and was being rotated so as to have a surface velocity of approximately 15 m/sec. As a 
result of the contact with such a chill roller, the molten alloy was rapidly cooled and solidified. In this manner, a continuous 
thin strip of rapidly solidified alloy with a width of about 2 mm to about 3 mm and a thickness of about 20 to about 50 
u. m was obtained. 

[0264] FIG. 10 is a graph illustrating the XRD patterns of samples Nos. 8 and 14. As can be seen from FIG. 10, most 
of sample No. 8 was amorphous, while a major portion of sample No. 14 was crystalline. 

[0265] This thin-strip rapidly solidified alloy was heated to a temperature of about 600 °C to 800 °C within an Ar 
atmosphere, kept heated at the temperature for about 6 minutes to about 8 minutes and then cooled to room temper- 
ature. Thereafter, the magnetic properties of this thin-strip rapidly solidified alloy (with a length of about 3 mm to about 
5 mm) were measured using a vibrating sample magnetometer (VSM). The results are shown in the following Table 9: 
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Sample No. 


B r ( 1 ) 




(BH) max (kJ/m 3 ) 


Heat treatment Temperature (°C) 


8 


U.ol 


987 


107 


760 


9 


A 77 


668 


90.6 


740 


10 


0.88 


788 


124 


700 


11 


0.81 


764 


101 


780 


12 


0.78 


955 


100 


740 


13 


0.81 


1080 


107 


600 


14 


0.82 


884 


111 


720 


15 


0.81 


758 


97.7 


760 



toaee, Next, a materia, a„oy with the ^ rapidly solid^d a,.o, 

and subjected to a strip casting processing the cast J r ^ h0 ^ ^ abQUt g9 * % or more we re weighed so that 
Specif ica.ly, the respective materials B Fe, T., Nd and C wrth ^ vesse| Thereafter , 

the materia, alloy had a total weight of about 1 0 kg an he ^ e J'^ £ atmosphere at a pressure of about 
these alloyed materials were melted by an .nductton heatmg ^^J™"^ had reac P ned approximately 1350 »C, 

of about 740 °C within an Ar atmosphere, kept heated * *he temj»rwu ^ ^ meaS ured 



men * — ■ • 

using a vibrating sample magnetometer (VSM). coercivitv H^, thereof was about 1090 kA/m 

compare examp.e -hare p - 0.6) ""^^"^^^S^.a can,,*.! Nd,Fa 7 ,B 12S C,. 4 Tl 4 

rapid* sa.ailiaP .May 
45 EXAMPLE 3 

[0 272] in this examp.e, the strip caster shown ' of about 99 . 5 o /o or more were weighed so 

[0273] First, the respective materials B, C, Fe, Nb Ti ana n p subscri pts are indicated in atom.c 

hat the resultant alloy should have a composite o Nd 9^«^£j N °1 ^ Qf the H se metals was put into a 

ceramic and thereby guide the me* onto the surface J^'^ r ™ about 20 degrees with respect to the 

°C that was maintained by a heater. The shoo was totted to form an an* « £ » ^ ^ 

horizonta. plane so that the melt cou.d smoothly flow over J^^IT^ chill roller forrne d an angle P of 
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Kit- The A present i 1 nve / rtore ana, y zed *«» "tnicture of the resultant rapidly solidified alloy with Cu-Ka characteristic 
ro 2 7tt N.ST S ?' M ,2' " aS '° a! "" " e aS * 0cl " ,et, wl,h ,h * "»*«* ""•a "»»y 



Table 1 0 





Magnetic properties 


B r (T) 


Hcj (kA/m) 


(BH) max (KJ/m3) 


Example 3 


0.80 


1027.8 


105.61 



S^Cr" fr ° m 14 Tab ' e 1 °- ir ° n - baSed 1 *«* -ample exhibited good 

S As e a Xt r.^t he t at " tr T d microcr y sta,line ™™ structure was analyzed with a transmission electron microscope 

ara^ S with microscope (HRTEM). Consequently, the present inventors confirmed tha th ^ crystal 
grams .with the average gram size of about 40 nm were Nd 2 Fe 14 B and that an iron-based boride like Fe B or Fe B 
existed around the grain boundaries of Nd 2 Fe 14 B. he 23«e or Fe 3 B 

EXAMPLE 4 

[0282] In this example, the strip caster shown in FIG. 3 was also used 
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with water. 



Roller surface Velocity Vs (m/s) 






Feeding rate 


of each melt flow (kg 


fmin) 








0.5 


0.7 


1.0 


1.3 


1.5 


2.0 


2.5 


3.0 


3.5 


4.0 


10 


X 


A 


O 


o 


0 


O 


A 


A 


• A 


A 


12 


X 


o 


o 


o 


O 


o 


A 


A 


X 


X 


14 


X 


o 


o 


o 


O 


o 


A 


X 


X 


X 


16 


X 


A 


o 


o 


o 


o 


A 


X 


X 


X 


18 


X 


A 


o 


o 


o 


o 


X 


X 


X 


X 


20 


X 


A 


o 


o 


o 


A 


X 


X 


X 


X 


22 


X 


X 


o 


o 


A 


A 


X 


X 


X 


X 


24 


X 


X 


A 


A 


X 


X 


X 


X 


X 


X 


26 


X 


X 


A 


X 


' x 


X 


X 


X 


X 


X 



l^Z^ZStt^ Z» SZ*i r^ a situation where the rapidly so.idified a-.oy 
could often be made constantly but the melt still splashed abQUt 1Q m/sec and ^ 18 

melt splashes. thirkness of the resultant rapidly solidified alloy so much 

he higher the roller surface velocity, the ^^^'"^^^'Z^^^Z^M^^^I^ 

number of particles with an aspect ratio almost equal to on* rQ||er surface 

[0292] The present inventors analyzed the structure of a rapidly solved a »W «™ *° s characterist j C 
ve.ocilyofabo'utMm/secwitheachm 



velocity of about 1 4 m/sec with each melt now suppneu « « ""~^"""r NdoF ° B and confirmed that the alloy 
X-radiation. As a result, the present inventors ,dentrf.ed ^'« ract ^ 



an iron-based rare earth magnet tnax exmo.u, ™»~.o. — elementt0 be inc , uc led in the magnet, 
to cover all modifications of the invention that fall within the true sp.nt and scope of the mvenfon. 



Claims 



1 . A method of making a material alloy for an iron 



,-based rare earth magnet, the method comprising the steps of : 



33 



<EP_ 



_1207537A1J_> 



EP 1 207 537 A1 



3. 
4. 



praparmg a melt of an iron-based rare earth material alloy, the material alloy having a composition represented 
by the general formula: (Fe^T^oo-x-y-z-n^. p C p ) x R y Ti 2 M n , where T is at least one element selected from 
the group cons.st.ng of Co and Ni; R is at least one element selected from the group consisting of Y (yttrium) 
and the rare earth elements; and M is at least one element selected from the group consisting of Al, Si, V Cr 

meqSlifes of' ' ' A9 ' W ' W ' R ' AU Pb ' thS m0 ' 6 fraCti ° nS X ' y ' 2 ' m " n and P ^tisfying the 



10 at%<xS25at%; 
6 at%S y < 10 at%; 
0.5at%S ZS 12at%; 
OS ml 0.5; 
0 at%s ns 10 at%; and 
OS pS 0.25, respectively; 

feeding the melt of the material alloy onto a guide having a guide surface that defines an angle of about 1 
degree to about 80 degrees with respect to a horizontal plane so as to move the melt onto a region where the 
melt comes into contact with a chill roller; and 

rapidly cooling the melt using the chill roller to make a rapidly solidified alloy comprising an FfeFe^B phase. 

2 ' Il e H^ eth0d ? C ' aim 1 ' Wherei " thB COO ' ing Step com P rises the step of adjusting a flow width of the melt to a 
predetermined size in an axial direction of the chill roller using the guide. 

The method of claim 1, wherein the rapidly solidified alloy is made within a reduced-pressure atmospheric gas. 

Ilr^ro^ C 'f ^ \ fUrther COmprisin 9 the st6 P of controlling the pressure of the atmospheric gas so that the 
pressure of the atmospheric gas is between about 0.13 kPa and about 100 KPa. 

5 ' It h !h« e t th «°r? 0f , Claim 1 ' WhSrein thS mpidly SO "' dified a " 0y made in the coolin 9 ste P emprises the R 2 Fe 14 B phase 
at about 60 volume percent or more. 14 - 

6 ' Io?hT, e ,h° d °L Claim 5 ,' Wherein thS C0 °' ing Step inC,UdeS the steps of c ^trolling a surface velocity of the chill roller 
Z , 5f S f 6 Ve,0C ' ,y ' S bStWeen ab0Ut 5 m/S6C and about 26 m/sec . and controlling a feeding rate per unit 
width of the melt so that the feeding rate per unit width is about 3 kg/min/cm or less. 

7. The method of claim 1 , further comprising the step of forming a structure in which three or more crystalline phases 
including at .east the R 2 Fe 14 B phase and a -Fe and ferromagnetic iron-based boride phases arfpresent an 

a _ a ?n ^ 9rai " Siz % 0f the R 2 Fe u B P hase is ° et ween about 20 nm and about 200 nm, and an average 
crystal gram size of the a -Fe and boride phases is between about 1 nm and about 50 nm. 

8 ' h™!nH! th0d ° f li Whe ? in aP iron - based boride P^se with ferromagnetic properties exists around a grain 
boundary or sub-boundary of the R 2 Fe 14 B phase. 

9 " 1^171^ °l Claim 7 : fU . rther cornprising the st cp of subjecting the rapidly solidified alloy to a heat treatment to 
form the structure in which three or more crystalline phases are present. 

10 ' ItTf!? 6 f f Claim , ?' Whe T, in the St6p ° f sub i e cting the rapidly solidified alloy to a heat treatment comprises the 
step or maintaining the rapidly solidified alloy at a temperature of between about 550 °C and about 850 »C for 
approximately 30 seconds or more. 

1 1 . The method of claim 1 0, further comprising the step of pulverizing the rapidly solidified alloy before subjecting the 
rapidly solidified alloy to the heat treatment. >eauujeciingine 

12. The method of claim 7, wherein the iron-based boride phase comprises at least one of Fe 3 B and Fe 23 B 6 . 

13. The method of claim 1, wherein the element M always includes Nb. 

1 4 ' S »Z f M°n »o C ' aim 1 3 '.r her f m6lt ° f thS materia ' a " 0y inC ' Uding Nb has a lic " jjdus temperature that is lower 
by about 1 0 C or more than that of another iron-based rare earth magnet material alloy that has substantially the 
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same composition as the material alloy including Nb but that includes substantially no Nb. 
15. The method of claim 14. wherein the material alloy includes Nb at between about 0.1 at% and about 3 at%. 
s 16. The method of claim 1 , Wherein an atomic ratio p of C in the genera, formula satisfies the inequality of 0.01 S p < 
0.25. 

17. The method of claim 14, wherein before the melt is fed onto the guide, the melt has a Kinematic viscosity of about 
5X10' 6 m 2 /sec or less. 

another material alloy with an atomic ratio p of approximately 0. 
« 19 The method of claim 18, wherein inthe cooling step, the compound phase that precipitates first while the melt is 
being rapidly cooled and solidified is a titanium boride compound. 

is about 0.7 kg/min or more but less than about 4 kg/mm. 
S s 22 The method of claim 1 , wherein the cooling step includes the step of controlling the width of each flow of the melt 
by *e guide so that the width is about 5 mm or more but less than about 20 mm. 
23. The method of claim 1 , further comprising the step of controlling a kinematic viscosity of the melt such that the 
kinematic viscosity is about 5x10-6 m 2/ sec or less. 

30 24. The method of Cairn 1 , further comprising the step of maintaining a ^J^^J^c *** " *°* ^ 
°C or more so that the melt has a kinematic viscosity of no greater than about 5x10 m /sec. 

25. The method of claim 1 , wherein the rapidly solidified alloy has a thickness of between about 50 „ m and about 200 
35 u. m. 

26. The method of Cairn 1 , wherein the guide means is made of a materia, that inc.udes Al 2 0 3 at about 80 volume 
percent or more. 

<o 27. The method of claim 1 , wherein the chill roller comprises a base made of a materia, with a thermal conductivity of 
about 50 W/m/K or more. 

28. The method of claim 27, wherein the base of the chill roller is made of one of carbon stee.. tungsten, iron, copper, 

molybdenum, beryllium and a copper alloy. 
29 The method o, Cairn 27, wherein the base of the chill roller includes a plating made of one of chromium, nickel 
' and a combination of chromium and nickel disposed on a surface thereof. 

30. A method for producing an iron-based permanent magnet, the method comprising the steps of: 

preparing the materia, al.oy for the iron-based rare earth magnet according tothe method of Cairn 1 ; and 
subjecting the material al.oy for the iron-based rare earth magnet to a heat treatment. 

31. A method for producing a bonded magnet, the method comprising the steps of: 

preparing a powder of the materia. a..oy for the iron-based rare earth magnet according to the method of claim 
1 or a powder of the iron-based permanent magnet according to the method of c.a.m 30, and 
processing the powder into the bonded magnet. 
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32. A rapidly solidified alloy having a composition represented by the general formula: (F ei m TJ 100 x z n Q R Ti M 
where T is at least one element selected from the group consisting of Co and Ni; Q is at least one element selected 
from the group consisting of B and C; R is a rare earth element; and M is at least one element selected from the 
group consisting of Al, Si, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, Mo, Hf , Ta, W, Pt, Pb, Au and Ag, the mole fractions x y 
5 z, m and n satisfying the inequalities of : 

10 at% <xg 20 at%; 
6at%^y < 10at%; 
0.5 at%^ 6 at%; 
10 0^ m^ 0.5; and 

0 at%^ n^ 5 at%, respectively, 

wherein the alloy has a thickness of between about 50 u. m and about 200 jx m, and 

wherein in the alloy, a crystal structure is located on each of two surfaces thereof that cross a th ickness direction 
approximately at right angles. 



75 



20 



25 



33. The alloy of claim 32, wherein the crystal structure comprises: 

a ferromagnetic boride phase with an average crystal grain size of between about 1 nm and about 50 nm ; and 
an R 2 Fe 14 B phase with an average crystal grain size of between about 20 nm and about 200 nm. 

34. The alloy of claim 32, wherein an amorphous portion is interposed between the crystal structures on the two 
surfaces. 

35. The alloy of claim 34, wherein a thickness of the alloy is about 80 u, m or more. 

36. A rapidly solidified alloy having a composition represented by the general formula: (Fe^ m T ) 100 Q R Tl M 
where T is at least one element selected from the group consisting of Co and Ni; Q is at leas^one element selected 
from the group consisting of B and C; R is a rare earth element; and M is at least one element selected from the 

30 group consisting of Al, Si, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, Mo, Hf, Ta, W, Pt, Pb, Au and Ag, the mole fractions x y, 

z, m and n satisfying the inequalities of: 

1 0 at% < x^ 20 at%; 
6 at%^ y < 1 0 at%; 
35 0.5 at%=i 6 at%; 

0^ m^ 0.5; and 

0 at%g n^ 5 at%, respectively, 

wherein the alloy has a thickness of between about 60 \i m and about 150 u, m, and 
wherein the alloy has a recoil permeability of between about 1 .1 and about 2. 

37. A magnet powder having a composition represented by the general formula: (Fe^^J^^^Q^^M^ where 
T is at least one element selected from the group consisting of Co and Ni; Q is at least one element selected from 
the group consisting of B and C; R is a rare earth element; and M is at least one element selected from the group 
consisting of Al, Si, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, Mo, Hf, Ta, W, Pt, Pb, Au and Ag, the mole fractions x y z m 
and n satisfying the inequalities of: ' 
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10at%<x^ 20 at%; 
6at%^y< 10at%; 
50 0.5 at%=£ z^ 6 at%; 

0^ m^ 0.5; and 

0 at%^ n^ 5 at%, respectively, 



55 



wherein the powder has a mean particle size of between about 60 \i m and about 110 m, and 

wherein a ratio of a major-axis dimension of the powder to a minor-axis dimension thereof is between about 

0.3 and about 1 , and 

wherein the powder has a coercivity of about 600 kA/m or more. 
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FIG. I 
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FIG. 2 
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FIG. 3 
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FIG. 5 
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FIG. 6 
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FIG. 7 A 
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FIG. 8 
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FIG. 10 
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FIG. 11 
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FIG. 14 
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FIG. 15 
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FIG.18A 
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FIG. 2 OB 
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